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 ﾠcontrast	 ﾠto	 ﾠthe	 ﾠmorpholino-ﾭ‐based	 ﾠresults,	 ﾠinactivation	 ﾠof	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these	 ﾠgenes	 ﾠdid	 ﾠnot	 ﾠresult	 ﾠin	 ﾠthe	 ﾠsame	 ﾠdefect	 ﾠin	 ﾠprogenitor	 ﾠmaintenance;	 ﾠleading	 ﾠto	 ﾠ
the	 ﾠconclusion	 ﾠthat	 ﾠpreviously	 ﾠunknown	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠassociated	 ﾠwith	 ﾠ
morpholino	 ﾠuse	 ﾠcaused	 ﾠthe	 ﾠphenotype.	 ﾠ
Finally,	 ﾠI	 ﾠdeveloped	 ﾠa	 ﾠsimple	 ﾠand	 ﾠhighly	 ﾠefficient	 ﾠtechnique	 ﾠfor	 ﾠthe	 ﾠinsertion	 ﾠ
of	 ﾠexogenous	 ﾠDNA	 ﾠinto	 ﾠtargeted	 ﾠlocations	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠgenome,	 ﾠaided	 ﾠby	 ﾠthe	 ﾠ
use	 ﾠof	 ﾠTALENs.	 ﾠ	 ﾠUsing	 ﾠthis	 ﾠtechnique	 ﾠto	 ﾠanalyse	 ﾠplzfa	 ﾠexpression	 ﾠcomplements	 ﾠearlier	 ﾠ
analysis	 ﾠsuggesting	 ﾠthat	 ﾠplzfa	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠcells	 ﾠactively	 ﾠundergoing	 ﾠneurogenesis.	 ﾠ	 ﾠ
Preliminary	 ﾠfunctional	 ﾠanalysis	 ﾠsupports	 ﾠa	 ﾠhypothesis	 ﾠthat	 ﾠPlzfa	 ﾠregulates	 ﾠmultiple	 ﾠ
steps	 ﾠduring	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠand	 ﾠis	 ﾠimportant	 ﾠto	 ﾠensure	 ﾠthe	 ﾠcorrect	 ﾠtiming	 ﾠof	 ﾠ
proneural	 ﾠgene	 ﾠexpression	 ﾠduring	 ﾠthe	 ﾠpathway	 ﾠto	 ﾠdifferentiation.	 ﾠ
	 ﾠ	 ﾠTable	 ﾠof	 ﾠContents	 ﾠ
5	 ﾠ
Table	 ﾠof	 ﾠContents	 ﾠ
	 ﾠ
DECLARATION	 ﾠ........................................................................................................	 ﾠ2	 ﾠ
ACKNOWLEDGEMENTS	 ﾠ...........................................................................................	 ﾠ3	 ﾠ
ABSTRACT	 ﾠ..............................................................................................................	 ﾠ4	 ﾠ
TABLE	 ﾠOF	 ﾠCONTENTS	 ﾠ..............................................................................................	 ﾠ5	 ﾠ
INDEX	 ﾠOF	 ﾠFIGURES	 ﾠ................................................................................................	 ﾠ10	 ﾠ
INDEX	 ﾠOF	 ﾠTABLES	 ﾠ.................................................................................................	 ﾠ12	 ﾠ
ABBREVIATIONS	 ﾠ...................................................................................................	 ﾠ13	 ﾠ
1	 ﾠ INTRODUCTION	 ﾠ..............................................................................................	 ﾠ14	 ﾠ
1.1	 ﾠ VERTEBRATE	 ﾠNEUROGENESIS	 ﾠ.................................................................................	 ﾠ14	 ﾠ
Formation	 ﾠof	 ﾠthe	 ﾠnervous	 ﾠsystem	 ﾠ...............................................................	 ﾠ14	 ﾠ
Generating	 ﾠthe	 ﾠcells	 ﾠof	 ﾠthe	 ﾠnervous	 ﾠsystem	 ﾠ................................................	 ﾠ18	 ﾠ
Patterning	 ﾠof	 ﾠneurogenesis	 ﾠ.........................................................................	 ﾠ25	 ﾠ
bHLH	 ﾠtranscription	 ﾠfactors	 ﾠinvolved	 ﾠin	 ﾠpromoting	 ﾠneurogenesis	 ﾠ................	 ﾠ25	 ﾠ
Pathway	 ﾠto	 ﾠdifferentiation	 ﾠ–	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠ................................	 ﾠ26	 ﾠ
bHLH	 ﾠtranscription	 ﾠfactors	 ﾠinvolved	 ﾠin	 ﾠinhibiting	 ﾠneurogenesis	 ﾠ..................	 ﾠ27	 ﾠ
Keeping	 ﾠcells	 ﾠundifferentiated	 ﾠ–	 ﾠNotch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition	 ﾠ...........	 ﾠ27	 ﾠ
Balance	 ﾠbetween	 ﾠproliferation	 ﾠand	 ﾠdifferentiation	 ﾠ.....................................	 ﾠ32	 ﾠ
Further	 ﾠcontrol	 ﾠof	 ﾠproneural	 ﾠgene	 ﾠexpression	 ﾠand	 ﾠfunction	 ﾠ ........................	 ﾠ33	 ﾠ
Generating	 ﾠvariety	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠ.....................................................................	 ﾠ34	 ﾠ
Neurogenesis	 ﾠin	 ﾠzebrafish	 ﾠ...........................................................................	 ﾠ35	 ﾠ
The	 ﾠzebrafish	 ﾠhindbrain	 ﾠas	 ﾠa	 ﾠmodel	 ﾠfor	 ﾠstudying	 ﾠneurogenesis	 ﾠ..................	 ﾠ36	 ﾠ
1.2	 ﾠ THE	 ﾠPROMYELOCYTIC	 ﾠLEUKEMIA	 ﾠZINC	 ﾠFINGER	 ﾠPROTEIN	 ﾠ..............................................	 ﾠ40	 ﾠ
Functional	 ﾠdomains	 ﾠof	 ﾠPlzf	 ﾠ..........................................................................	 ﾠ40	 ﾠ
Plzf	 ﾠfusion	 ﾠproteins	 ﾠare	 ﾠinvolved	 ﾠin	 ﾠacute	 ﾠpromyelocytic	 ﾠleukaemia	 ﾠ...........	 ﾠ41	 ﾠ
Plzf	 ﾠinduces	 ﾠepigenetic	 ﾠmodifications	 ﾠ.........................................................	 ﾠ44	 ﾠ
Involvement	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠ .............................................................	 ﾠ45	 ﾠ
Animal	 ﾠmodels	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠ...................................................................	 ﾠ46	 ﾠTable	 ﾠof	 ﾠContents	 ﾠ
6	 ﾠ
Plzf	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠa	 ﾠrange	 ﾠof	 ﾠtissues	 ﾠ.........................................................	 ﾠ46	 ﾠ
Nuclear	 ﾠexpression	 ﾠof	 ﾠPlzf	 ﾠ...........................................................................	 ﾠ47	 ﾠ
Biological	 ﾠfunctions	 ﾠof	 ﾠPlzf	 ﾠ..........................................................................	 ﾠ48	 ﾠ
1.3	 ﾠ EXPRESSION	 ﾠAND	 ﾠFUNCTION	 ﾠOF	 ﾠPLZF	 ﾠWITHIN	 ﾠTHE	 ﾠCNS	 ﾠ...............................................	 ﾠ52	 ﾠ
Plzf	 ﾠis	 ﾠexpressed	 ﾠthroughout	 ﾠthe	 ﾠdeveloping	 ﾠvertebrate	 ﾠnervous	 ﾠsystem	 ﾠ...	 ﾠ52	 ﾠ
Role	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠprimary	 ﾠneurogenesis	 ﾠin	 ﾠzebrafish	 ﾠ................................	 ﾠ53	 ﾠ
1.4	 ﾠ AIMS	 ﾠOF	 ﾠTHIS	 ﾠSTUDY	 ﾠ............................................................................................	 ﾠ57	 ﾠ
2	 ﾠ MATERIALS	 ﾠAND	 ﾠMETHODS	 ﾠ............................................................................	 ﾠ58	 ﾠ
2.1	 ﾠ FISH	 ﾠMAINTENANCE	 ﾠ.............................................................................................	 ﾠ58	 ﾠ
2.2	 ﾠ ZEBRAFISH	 ﾠIN	 ﾠSITU	 ﾠHYBRIDISATION	 ﾠAND	 ﾠIMMUNOHISTOCHEMISTRY	 ﾠ................................	 ﾠ58	 ﾠ
ISH	 ﾠprobe	 ﾠsynthesis	 ﾠ.....................................................................................	 ﾠ58	 ﾠ
ISH	 ﾠreagents	 ﾠ................................................................................................	 ﾠ59	 ﾠ
ISH	 ﾠprotocol	 ﾠ .................................................................................................	 ﾠ59	 ﾠ
Two	 ﾠcolour	 ﾠfluorescent	 ﾠISH	 ﾠ.........................................................................	 ﾠ60	 ﾠ
Immunohistochemistry	 ﾠantibodies	 ﾠ..............................................................	 ﾠ61	 ﾠ
Immunohistochemistry	 ﾠprotocol	 ﾠ.................................................................	 ﾠ61	 ﾠ
Mounting,	 ﾠimaging	 ﾠand	 ﾠprocessing	 ﾠ............................................................	 ﾠ62	 ﾠ
2.3	 ﾠ MORPHOLINO	 ﾠOLIGONUCLEOTIDES	 ﾠAND	 ﾠRNA	 ﾠMICROINJECTIONS	 ﾠ..................................	 ﾠ63	 ﾠ
Morpholinos	 ﾠ................................................................................................	 ﾠ63	 ﾠ
Capped	 ﾠRNA	 ﾠ................................................................................................	 ﾠ63	 ﾠ
2.4	 ﾠ CELL	 ﾠCULTURE,	 ﾠTRANSFECTION	 ﾠAND	 ﾠIMMUNOHISTOCHEMISTRY	 ﾠ.....................................	 ﾠ64	 ﾠ
2.5	 ﾠ DESIGN	 ﾠAND	 ﾠCONSTRUCTION	 ﾠOF	 ﾠTRANSCRIPTION	 ﾠACTIVATOR-ﾭ‐LIKE	 ﾠEFFECTOR	 ﾠNUCLEASES	 ﾠ
(TALENS)	 ﾠ....................................................................................................................	 ﾠ64	 ﾠ
2.6	 ﾠ GENERATING	 ﾠNICKASES	 ﾠ........................................................................................	 ﾠ65	 ﾠ
2.7	 ﾠ GENOTYPING	 ﾠ.....................................................................................................	 ﾠ66	 ﾠ
2.8	 ﾠ TARGETED	 ﾠKNOCK-ﾭ‐INS	 ﾠ..........................................................................................	 ﾠ67	 ﾠ
Construction	 ﾠof	 ﾠdonor	 ﾠplasmids	 ﾠ..................................................................	 ﾠ67	 ﾠ
Injection	 ﾠand	 ﾠScreening	 ﾠfor	 ﾠInsertion	 ﾠ..........................................................	 ﾠ69	 ﾠ
2.9	 ﾠ CHROMATIN	 ﾠIMMUNOPRECIPITATION	 ﾠ ......................................................................	 ﾠ69	 ﾠ
Chromatin	 ﾠimmunoprecipitation	 ﾠantibodies	 ﾠand	 ﾠreagents	 ﾠ.........................	 ﾠ69	 ﾠ
ChIP	 ﾠProtocol	 ﾠ...............................................................................................	 ﾠ70	 ﾠTable	 ﾠof	 ﾠContents	 ﾠ
7	 ﾠ
Quantitative	 ﾠPCR	 ﾠ(qPCR)	 ﾠ.............................................................................	 ﾠ73	 ﾠ
2.10	 ﾠ WESTERN	 ﾠBLOTS	 ﾠ..............................................................................................	 ﾠ74	 ﾠ
2.11	 ﾠ HIGH	 ﾠTHROUGHPUT	 ﾠSEQUENCING	 ﾠ........................................................................	 ﾠ75	 ﾠ
3	 ﾠ A	 ﾠGENOME-ﾭ‐WIDE	 ﾠSEARCH	 ﾠFOR	 ﾠTRANSCRIPTIONAL	 ﾠTARGETS	 ﾠOF	 ﾠPLZF	 ﾠ.............	 ﾠ77	 ﾠ
3.1	 ﾠ INTRODUCTION	 ﾠ ...................................................................................................	 ﾠ77	 ﾠ
3.2	 ﾠ EVALUATING	 ﾠTHE	 ﾠCHIP	 ﾠTECHNIQUE	 ﾠIN	 ﾠZEBRAFISH	 ﾠ......................................................	 ﾠ78	 ﾠ
H2A.Z	 ﾠChIP-ﾭ‐qPCR	 ﾠ.........................................................................................	 ﾠ78	 ﾠ
Characterising	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠ........................................................................	 ﾠ79	 ﾠ
ChIP	 ﾠagainst	 ﾠendogenous	 ﾠPlzf	 ﾠ.....................................................................	 ﾠ82	 ﾠ
ChIP	 ﾠusing	 ﾠtagged	 ﾠPlzf	 ﾠ.................................................................................	 ﾠ87	 ﾠ
Testing	 ﾠfunctionality	 ﾠof	 ﾠPlzfa-ﾭ‐Myc	 ﾠ ...............................................................	 ﾠ94	 ﾠ
3.3	 ﾠ CHIP-ﾭ‐SEQ	 ﾠUSING	 ﾠPLZFA-ﾭ‐MYC	 ﾠ ................................................................................	 ﾠ97	 ﾠ
3.4	 ﾠ TROUBLESHOOTING	 ﾠTHE	 ﾠCHIP-ﾭ‐SEQ	 ﾠEXPERIMENT	 ﾠ.....................................................	 ﾠ100	 ﾠ
3.5	 ﾠ DISCUSSION	 ﾠ.....................................................................................................	 ﾠ103	 ﾠ
Difficulties	 ﾠworking	 ﾠwith	 ﾠendogenous	 ﾠPlzf	 ﾠ................................................	 ﾠ103	 ﾠ
Lessons	 ﾠlearnt	 ﾠfrom	 ﾠepitope	 ﾠtagging	 ﾠ........................................................	 ﾠ103	 ﾠ
Future	 ﾠconsiderations	 ﾠ...............................................................................	 ﾠ105	 ﾠ
Conclusions	 ﾠ...............................................................................................	 ﾠ106	 ﾠ
4	 ﾠ INVESTIGATING	 ﾠTHE	 ﾠROLE	 ﾠOF	 ﾠPLZF	 ﾠIN	 ﾠNEURAL	 ﾠPROGENITOR	 ﾠMAINTENANCE	 ﾠ108	 ﾠ
4.1	 ﾠ INTRODUCTION	 ﾠ .................................................................................................	 ﾠ108	 ﾠ
4.2	 ﾠ EXAMINING	 ﾠEXPRESSION	 ﾠOF	 ﾠTHE	 ﾠPLZFA	 ﾠAND	 ﾠPLZFB	 ﾠPARALOGUES	 ﾠ..................................	 ﾠ109	 ﾠ
plzfa	 ﾠand	 ﾠplzfb	 ﾠRNA	 ﾠexpression	 ﾠ.................................................................	 ﾠ109	 ﾠ
Plzf	 ﾠprotein	 ﾠexpression	 ﾠ..............................................................................	 ﾠ113	 ﾠ
4.3	 ﾠ NEUROGENESIS	 ﾠIN	 ﾠTHE	 ﾠZEBRAFISH	 ﾠHINDBRAIN	 ﾠ.........................................................	 ﾠ121	 ﾠ
Comparison	 ﾠwith	 ﾠprogenitor	 ﾠmarkers	 ﾠ.......................................................	 ﾠ121	 ﾠ
Comparison	 ﾠwith	 ﾠneurogenic	 ﾠcascade	 ﾠmarkers	 ﾠ........................................	 ﾠ125	 ﾠ
4.4	 ﾠ ANALYSIS	 ﾠOF	 ﾠTHE	 ﾠFUNCTION	 ﾠOF	 ﾠPLZFA	 ﾠAND	 ﾠPLZFB	 ﾠ....................................................	 ﾠ126	 ﾠ
Phenotype	 ﾠrelating	 ﾠto	 ﾠa	 ﾠloss	 ﾠof	 ﾠprogenitors	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠ....................	 ﾠ131	 ﾠ
4.5	 ﾠ REVISITING	 ﾠTHE	 ﾠMODEL	 ﾠWITH	 ﾠBTBD6A	 ﾠ ...................................................................	 ﾠ136	 ﾠ
4.6	 ﾠ DISCUSSION	 ﾠ.....................................................................................................	 ﾠ142	 ﾠ
plzfa	 ﾠand	 ﾠplzfb	 ﾠare	 ﾠexpressed	 ﾠin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠ...............................	 ﾠ142	 ﾠTable	 ﾠof	 ﾠContents	 ﾠ
8	 ﾠ
Pattern	 ﾠof	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠ......................................	 ﾠ143	 ﾠ
Plzf	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠdifferentiating	 ﾠcells	 ﾠ.............................................	 ﾠ144	 ﾠ
Evidence	 ﾠthat	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠfunction	 ﾠtogether	 ﾠto	 ﾠmaintain	 ﾠprogenitors	 ﾠ145	 ﾠ
Comparisons	 ﾠwith	 ﾠother	 ﾠmodel	 ﾠorganisms	 ﾠ...............................................	 ﾠ148	 ﾠ
Caveats	 ﾠto	 ﾠMO	 ﾠusage	 ﾠ................................................................................	 ﾠ149	 ﾠ
Conclusions	 ﾠ...............................................................................................	 ﾠ150	 ﾠ
5	 ﾠ EDITING	 ﾠTHE	 ﾠZEBRAFISH	 ﾠGENOME	 ﾠUSING	 ﾠTALENS	 ﾠ.........................................	 ﾠ151	 ﾠ
5.1	 ﾠ INTRODUCTION	 ﾠ .................................................................................................	 ﾠ151	 ﾠ
5.2	 ﾠ TARGETING	 ﾠTHE	 ﾠGENOME	 ﾠUSING	 ﾠTALENS	 ﾠ..............................................................	 ﾠ152	 ﾠ
ZFN	 ﾠand	 ﾠTALEN	 ﾠarchitecture	 ﾠ.....................................................................	 ﾠ152	 ﾠ
Error-ﾭ‐prone	 ﾠrepair	 ﾠby	 ﾠnon-ﾭ‐homologous	 ﾠend	 ﾠjoining	 ﾠ(NHEJ)	 ﾠ......................	 ﾠ156	 ﾠ
Methods	 ﾠof	 ﾠscreening	 ﾠfor	 ﾠmutations	 ﾠ.........................................................	 ﾠ157	 ﾠ
Testing	 ﾠTALEN	 ﾠefficiency	 ﾠby	 ﾠtargeting	 ﾠthe	 ﾠgolden	 ﾠgene	 ﾠ............................	 ﾠ161	 ﾠ
Germline	 ﾠtransmission	 ﾠof	 ﾠmutations	 ﾠ.........................................................	 ﾠ162	 ﾠ
5.3	 ﾠ GENERATING	 ﾠPLZFA	 ﾠAND	 ﾠPLZFB	 ﾠMUTANTS	 ﾠ...............................................................	 ﾠ167	 ﾠ
Using	 ﾠTALENs	 ﾠin	 ﾠtarget	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ......................................................	 ﾠ167	 ﾠ
plzfa	 ﾠTALEN	 ﾠspecificity	 ﾠ..............................................................................	 ﾠ167	 ﾠ
Targeting	 ﾠthe	 ﾠplzfb	 ﾠlocus	 ﾠ ...........................................................................	 ﾠ168	 ﾠ
Germline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠmutations	 ﾠ..........................................	 ﾠ175	 ﾠ
Germline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠmutations	 ﾠ..........................................	 ﾠ175	 ﾠ
Generating	 ﾠdouble	 ﾠmutants	 ﾠ......................................................................	 ﾠ181	 ﾠ
5.4	 ﾠ USING	 ﾠMUTANTS	 ﾠTO	 ﾠCONFIRM	 ﾠTHE	 ﾠMORPHANT	 ﾠPHENOTYPE	 ﾠ.......................................	 ﾠ182	 ﾠ
5.5	 ﾠ DISCUSSION	 ﾠ.....................................................................................................	 ﾠ190	 ﾠ
TALEN	 ﾠefficiency,	 ﾠspecificity	 ﾠand	 ﾠscreening	 ﾠ...............................................	 ﾠ190	 ﾠ
Mutants	 ﾠversus	 ﾠMOs	 ﾠ.................................................................................	 ﾠ192	 ﾠ
Could	 ﾠthe	 ﾠmutants	 ﾠstill	 ﾠproduce	 ﾠfunctional	 ﾠprotein?	 ﾠ.................................	 ﾠ192	 ﾠ
Is	 ﾠthe	 ﾠphenotype	 ﾠcaused	 ﾠby	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠassociated	 ﾠwith	 ﾠMOs?	 ﾠ......	 ﾠ197	 ﾠ
Conclusions	 ﾠ...............................................................................................	 ﾠ199	 ﾠ
6	 ﾠ TARGETED	 ﾠINSERTIONS	 ﾠINTO	 ﾠTHE	 ﾠZEBRAFISH	 ﾠGENOME	 ﾠUSING	 ﾠTALENS	 ﾠ.........	 ﾠ200	 ﾠ
6.1	 ﾠ INTRODUCTION	 ﾠ .................................................................................................	 ﾠ200	 ﾠ
6.2	 ﾠ STRATEGY	 ﾠFOR	 ﾠINSERTING	 ﾠDNA	 ﾠSEQUENCES	 ﾠINTO	 ﾠA	 ﾠTARGETED	 ﾠLOCUS	 ﾠ..........................	 ﾠ201	 ﾠTable	 ﾠof	 ﾠContents	 ﾠ
9	 ﾠ
Donor	 ﾠplasmid	 ﾠdesign	 ﾠ...............................................................................	 ﾠ202	 ﾠ
Insertion	 ﾠstrategy	 ﾠ......................................................................................	 ﾠ202	 ﾠ
6.3	 ﾠ GFP	 ﾠIS	 ﾠINTEGRATED	 ﾠINTO	 ﾠTHE	 ﾠPLZFA	 ﾠLOCUS	 ﾠWITH	 ﾠA	 ﾠHIGH	 ﾠEFFICIENCY	 ﾠ...........................	 ﾠ205	 ﾠ
6.4	 ﾠ SELECTING	 ﾠEMBRYOS	 ﾠFOR	 ﾠINSERTION	 ﾠSIGNIFICANTLY	 ﾠIMPROVES	 ﾠGERMLINE	 ﾠTRANSMISSION	 ﾠ210	 ﾠ
6.5	 ﾠ STRATEGIES	 ﾠFOR	 ﾠIMPROVING	 ﾠTHE	 ﾠTECHNIQUE	 ﾠ ..........................................................	 ﾠ216	 ﾠ
Improving	 ﾠinsertion	 ﾠprecision	 ﾠ ....................................................................	 ﾠ216	 ﾠ
Removing	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠ.................................................................	 ﾠ217	 ﾠ
6.6	 ﾠ USING	 ﾠTHIS	 ﾠTECHNIQUE	 ﾠTO	 ﾠEXAMINE	 ﾠPLZFA	 ﾠEXPRESSION	 ﾠAND	 ﾠFUNCTION	 ﾠ.......................	 ﾠ222	 ﾠ
Expression	 ﾠanalysis	 ﾠ...................................................................................	 ﾠ222	 ﾠ
Functional	 ﾠanalysis	 ﾠ....................................................................................	 ﾠ223	 ﾠ
6.7	 ﾠ DISCUSSION	 ﾠ.....................................................................................................	 ﾠ231	 ﾠ
Insertions	 ﾠwithout	 ﾠhomology	 ﾠarms	 ﾠ...........................................................	 ﾠ231	 ﾠ
Importance	 ﾠof	 ﾠselection	 ﾠ............................................................................	 ﾠ232	 ﾠ
Improving	 ﾠthe	 ﾠtechnique	 ﾠ...........................................................................	 ﾠ233	 ﾠ
Investigations	 ﾠinto	 ﾠplzfa	 ﾠexpression	 ﾠ..........................................................	 ﾠ234	 ﾠ
Conclusions	 ﾠ...............................................................................................	 ﾠ235	 ﾠ
7	 ﾠ DISCUSSION	 ﾠ..................................................................................................	 ﾠ236	 ﾠ
Plzf	 ﾠand	 ﾠprogenitor	 ﾠmaintenance	 ﾠ ..............................................................	 ﾠ236	 ﾠ
Prospective	 ﾠtranscriptional	 ﾠtargets	 ﾠ...........................................................	 ﾠ237	 ﾠ
Potential	 ﾠredundancy	 ﾠwith	 ﾠother	 ﾠfamily	 ﾠmembers	 ﾠ ....................................	 ﾠ238	 ﾠ
Plzfa	 ﾠacts	 ﾠat	 ﾠmultiple	 ﾠsteps	 ﾠin	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠ.............................	 ﾠ239	 ﾠ
Genome	 ﾠmodification	 ﾠtechnology	 ﾠ.............................................................	 ﾠ244	 ﾠ
Final	 ﾠcomments	 ﾠ.........................................................................................	 ﾠ249	 ﾠ
8	 ﾠ APPENDIX	 ﾠ.....................................................................................................	 ﾠ251	 ﾠ
BIBLIOGRAPHY	 ﾠ...................................................................................................	 ﾠ269	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠIndex	 ﾠof	 ﾠFigures	 ﾠ
10	 ﾠ
Index	 ﾠof	 ﾠFigures	 ﾠ
Figure	 ﾠ1-ﾭ‐1:	 ﾠFormation	 ﾠof	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠ...................................................................	 ﾠ16	 ﾠ
Figure	 ﾠ1-ﾭ‐2:	 ﾠNeurogenesis	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠvertebrate	 ﾠCNS	 ﾠ ......................................	 ﾠ21	 ﾠ
Figure	 ﾠ1-ﾭ‐3:	 ﾠPatterning	 ﾠof	 ﾠneurogenesis	 ﾠ......................................................................	 ﾠ23	 ﾠ
Figure	 ﾠ1-ﾭ‐4:	 ﾠNotch	 ﾠsignalling	 ﾠduring	 ﾠneurogenesis	 ﾠ......................................................	 ﾠ30	 ﾠ
Figure	 ﾠ1-ﾭ‐5:	 ﾠNeurogenesis	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠ..................................................	 ﾠ38	 ﾠ
Figure	 ﾠ1-ﾭ‐6:	 ﾠPlzf	 ﾠdomains	 ﾠand	 ﾠepigenetic	 ﾠmodifications	 ﾠ..............................................	 ﾠ42	 ﾠ
Figure	 ﾠ1-ﾭ‐7:	 ﾠFunctions	 ﾠof	 ﾠPlzf	 ﾠ.......................................................................................	 ﾠ50	 ﾠ
Figure	 ﾠ1-ﾭ‐8:	 ﾠRole	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠinhibiting	 ﾠprimary	 ﾠneurogenesis	 ﾠ........................................	 ﾠ55	 ﾠ
Figure	 ﾠ3-ﾭ‐1:	 ﾠTesting	 ﾠthe	 ﾠChIP	 ﾠprotocol	 ﾠfor	 ﾠH2A.z	 ﾠ.........................................................	 ﾠ80	 ﾠ
Figure	 ﾠ3-ﾭ‐2:	 ﾠCharacterising	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠ......................................................................	 ﾠ83	 ﾠ
Figure	 ﾠ3-ﾭ‐3:	 ﾠChIP-ﾭ‐PCR	 ﾠattempts	 ﾠfor	 ﾠendogenous	 ﾠPlzf	 ﾠ..................................................	 ﾠ85	 ﾠ
Figure	 ﾠ3-ﾭ‐4:	 ﾠExpression	 ﾠof	 ﾠtagged	 ﾠPlzf	 ﾠconstructs	 ﾠin	 ﾠzebrafish	 ﾠembryos	 ﾠ......................	 ﾠ89	 ﾠ
Figure	 ﾠ3-ﾭ‐5:	 ﾠPlzfa-ﾭ‐Myc	 ﾠsuitability	 ﾠfor	 ﾠChIP	 ﾠin	 ﾠzebrafish	 ﾠ................................................	 ﾠ92	 ﾠ
Figure	 ﾠ3-ﾭ‐6:	 ﾠTesting	 ﾠfunctionality	 ﾠof	 ﾠconstructs	 ﾠ...........................................................	 ﾠ95	 ﾠ
Figure	 ﾠ3-ﾭ‐7:	 ﾠChIP-ﾭ‐Seq	 ﾠresults	 ﾠfor	 ﾠPlzfa-ﾭ‐Myc	 ﾠ ..................................................................	 ﾠ98	 ﾠ
Figure	 ﾠ3-ﾭ‐8:	 ﾠMyc-ﾭ‐Plzfa	 ﾠoverexpression	 ﾠcauses	 ﾠa	 ﾠneurogenic	 ﾠphenotype	 ﾠ...................	 ﾠ101	 ﾠ
Figure	 ﾠ4-ﾭ‐1:	 ﾠGenomic	 ﾠlocation	 ﾠof	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠ.......................................................	 ﾠ110	 ﾠ
Figure	 ﾠ4-ﾭ‐2:	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠexpression	 ﾠduring	 ﾠdevelopment	 ﾠ .....................................	 ﾠ114	 ﾠ
Figure	 ﾠ4-ﾭ‐3:	 ﾠMonitoring	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠduring	 ﾠdevelopment	 ﾠ......................	 ﾠ117	 ﾠ
Figure	 ﾠ4-ﾭ‐4:	 ﾠAttempts	 ﾠto	 ﾠdistinguish	 ﾠbetween	 ﾠendogenous	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ..............	 ﾠ119	 ﾠ
Figure	 ﾠ4-ﾭ‐5:	 ﾠPlzf	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠis	 ﾠnot	 ﾠrestricted	 ﾠto	 ﾠcells	 ﾠof	 ﾠthe	 ﾠ
ventricular	 ﾠzone	 ﾠ................................................................................................	 ﾠ123	 ﾠ
Figure	 ﾠ4-ﾭ‐6:	 ﾠPlzf	 ﾠexpression	 ﾠoverlaps	 ﾠwith	 ﾠneurogenic	 ﾠmarkers	 ﾠ................................	 ﾠ127	 ﾠ
Figure	 ﾠ4-ﾭ‐7:	 ﾠModel	 ﾠof	 ﾠPlzf	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠhindbrain	 ﾠ .......................................	 ﾠ129	 ﾠ
Figure	 ﾠ4-ﾭ‐8:	 ﾠKnocking	 ﾠdown	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠtogether	 ﾠdisrupts	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠ
differentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠ...........................................................	 ﾠ132	 ﾠ
Figure	 ﾠ4-ﾭ‐9:	 ﾠLoss	 ﾠof	 ﾠprogenitors	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠdouble	 ﾠmorphant	 ﾠ ...............................	 ﾠ134	 ﾠ
Figure	 ﾠ4-ﾭ‐10:	 ﾠKnockdown	 ﾠhas	 ﾠno	 ﾠdiscernable	 ﾠeffect	 ﾠon	 ﾠeither	 ﾠneuronal	 ﾠdifferentiation	 ﾠ
or	 ﾠcell	 ﾠproliferation	 ﾠ...........................................................................................	 ﾠ138	 ﾠ
Figure	 ﾠ4-ﾭ‐11:	 ﾠInjecting	 ﾠBtbd6a	 ﾠRNA	 ﾠcauses	 ﾠdegradation	 ﾠof	 ﾠendogenous	 ﾠPlzf	 ﾠ............	 ﾠ140	 ﾠIndex	 ﾠof	 ﾠFigures	 ﾠ
11	 ﾠ
Figure	 ﾠ4-ﾭ‐12:	 ﾠModel	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠ ................................................	 ﾠ146	 ﾠ
Figure	 ﾠ5-ﾭ‐1:	 ﾠArchitecture	 ﾠof	 ﾠTALENs	 ﾠ...........................................................................	 ﾠ154	 ﾠ
Figure	 ﾠ5-ﾭ‐2:	 ﾠScreening	 ﾠfor	 ﾠmutations	 ﾠusing	 ﾠHigh	 ﾠResolution	 ﾠMelt	 ﾠ(HRM)	 ﾠcurve	 ﾠanalysis
	 ﾠ..........................................................................................................................	 ﾠ159	 ﾠ
Figure	 ﾠ5-ﾭ‐3:	 ﾠTALENs	 ﾠtargeted	 ﾠagainst	 ﾠthe	 ﾠgolden	 ﾠgene	 ﾠgenerate	 ﾠembryos	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠ
number	 ﾠof	 ﾠbiallelic	 ﾠmutations	 ﾠ ...........................................................................	 ﾠ163	 ﾠ
Figure	 ﾠ5-ﾭ‐4:	 ﾠTransmission	 ﾠof	 ﾠthe	 ﾠgolden	 ﾠmutation	 ﾠthrough	 ﾠthe	 ﾠgermline	 ﾠ.................	 ﾠ165	 ﾠ
Figure	 ﾠ5-ﾭ‐5:	 ﾠTALENs	 ﾠtargeting	 ﾠplzfa	 ﾠinduce	 ﾠmutations	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠefficiency	 ﾠ............	 ﾠ169	 ﾠ
Figure	 ﾠ5-ﾭ‐6:	 ﾠThe	 ﾠplzfa	 ﾠTALENs	 ﾠdo	 ﾠnot	 ﾠtarget	 ﾠthe	 ﾠplzfb	 ﾠlocus	 ﾠand	 ﾠtheir	 ﾠefficiency	 ﾠcan	 ﾠbe	 ﾠ
titrated	 ﾠ..............................................................................................................	 ﾠ171	 ﾠ
Figure	 ﾠ5-ﾭ‐7:	 ﾠThe	 ﾠplzfb	 ﾠTALENs	 ﾠinduce	 ﾠsomatic	 ﾠmutations	 ﾠand	 ﾠdon’t	 ﾠtarget	 ﾠplzfa	 ﾠ......	 ﾠ173	 ﾠ
Figure	 ﾠ5-ﾭ‐8:	 ﾠHighly	 ﾠefficient	 ﾠgermline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠmutations	 ﾠ ...............	 ﾠ177	 ﾠ
Figure	 ﾠ5-ﾭ‐9:	 ﾠGermline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠmutations	 ﾠ.......................................	 ﾠ179	 ﾠ
Figure	 ﾠ5-ﾭ‐10:	 ﾠGenerating	 ﾠdouble	 ﾠmutant	 ﾠplzfa	 ﾠ&	 ﾠplzfb	 ﾠzebrafish	 ﾠ..............................	 ﾠ183	 ﾠ
Figure	 ﾠ5-ﾭ‐11:	 ﾠFunctional	 ﾠanalysis	 ﾠby	 ﾠinjecting	 ﾠTALENs	 ﾠinto	 ﾠmutant	 ﾠembryos	 ﾠ............	 ﾠ186	 ﾠ
Figure	 ﾠ5-ﾭ‐12:	 ﾠFunctional	 ﾠanalysis	 ﾠby	 ﾠinjecting	 ﾠplzfb	 ﾠMOs	 ﾠinto	 ﾠplzfa	 ﾠmutant	 ﾠembryos	 ﾠ188	 ﾠ
Figure	 ﾠ5-ﾭ‐13:	 ﾠComparison	 ﾠof	 ﾠsplice	 ﾠvariants	 ﾠand	 ﾠisoform	 ﾠwith	 ﾠthe	 ﾠzebrafish	 ﾠand	 ﾠmouse	 ﾠ
mutants	 ﾠ............................................................................................................	 ﾠ195	 ﾠ
Figure	 ﾠ6-ﾭ‐1:	 ﾠStrategy	 ﾠfor	 ﾠDNA	 ﾠinsertion	 ﾠ.....................................................................	 ﾠ203	 ﾠ
Figure	 ﾠ6-ﾭ‐2:	 ﾠEvidence	 ﾠfor	 ﾠefficient	 ﾠintegration	 ﾠof	 ﾠGFP	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ................	 ﾠ206	 ﾠ
Figure	 ﾠ6-ﾭ‐3:	 ﾠInsertion	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠindels	 ﾠ..........................................................	 ﾠ208	 ﾠ
Figure	 ﾠ6-ﾭ‐4:	 ﾠMethods	 ﾠof	 ﾠpositive	 ﾠselection	 ﾠ................................................................	 ﾠ212	 ﾠ
Figure	 ﾠ6-ﾭ‐5:	 ﾠGermline	 ﾠtransmission	 ﾠof	 ﾠinsertion	 ﾠ........................................................	 ﾠ214	 ﾠ
Figure	 ﾠ6-ﾭ‐6:	 ﾠChanging	 ﾠthe	 ﾠFokI	 ﾠnuclease	 ﾠ....................................................................	 ﾠ218	 ﾠ
Figure	 ﾠ6-ﾭ‐7:	 ﾠInsertion	 ﾠwithout	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠ..................................................	 ﾠ220	 ﾠ
Figure	 ﾠ6-ﾭ‐8:	 ﾠAnalysis	 ﾠof	 ﾠplzfa	 ﾠexpression	 ﾠlevels	 ﾠin	 ﾠdonor	 ﾠinjected	 ﾠembryos	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠ224	 ﾠ
Figure	 ﾠ6-ﾭ‐9:	 ﾠExploring	 ﾠwhether	 ﾠneurog1	 ﾠregulates	 ﾠplzfa	 ﾠexpression	 ﾠ.........................	 ﾠ226	 ﾠ
Figure	 ﾠ6-ﾭ‐10:	 ﾠPreliminary	 ﾠevidence	 ﾠthat	 ﾠPlzfa	 ﾠinhibits	 ﾠmultiple	 ﾠsteps	 ﾠof	 ﾠneuronal	 ﾠ
differentiation	 ﾠ ...................................................................................................	 ﾠ228	 ﾠ
Figure	 ﾠ7-ﾭ‐1:	 ﾠModel	 ﾠof	 ﾠPlzfa	 ﾠaction	 ﾠ..............................................................................	 ﾠ242	 ﾠ
Figure	 ﾠ7-ﾭ‐2:	 ﾠComparison	 ﾠof	 ﾠTALEN-ﾭ‐mediated	 ﾠinsertion	 ﾠmethods	 ﾠin	 ﾠzebrafish	 ﾠ..........	 ﾠ247	 ﾠ
Figure	 ﾠ8-ﾭ‐1:	 ﾠNucleotide	 ﾠidentity	 ﾠbetween	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠ.........................................	 ﾠ252	 ﾠIndex	 ﾠof	 ﾠFigures	 ﾠ
12	 ﾠ
Figure	 ﾠ8-ﾭ‐2:	 ﾠProtein	 ﾠsimilarity	 ﾠbetween	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ.............................................	 ﾠ255	 ﾠ
Figure	 ﾠ8-ﾭ‐3:	 ﾠplzfa	 ﾠMO	 ﾠinduces	 ﾠa	 ﾠdevelopmental	 ﾠdelay	 ﾠ..............................................	 ﾠ257	 ﾠ
Figure	 ﾠ8-ﾭ‐4:	 ﾠPhenotype	 ﾠis	 ﾠobserved	 ﾠin	 ﾠtime	 ﾠand	 ﾠstage	 ﾠmatched	 ﾠembryos	 ﾠ................	 ﾠ259	 ﾠ
Figure	 ﾠ8-ﾭ‐5:	 ﾠredd1	 ﾠand	 ﾠbtbd6a	 ﾠTALENs	 ﾠ......................................................................	 ﾠ261	 ﾠ
Figure	 ﾠ8-ﾭ‐6:	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠsequence	 ﾠ ................................................................	 ﾠ263	 ﾠ
Figure	 ﾠ8-ﾭ‐7:	 ﾠInsertion	 ﾠat	 ﾠthe	 ﾠgolden	 ﾠlocus	 ﾠresults	 ﾠin	 ﾠimprecise	 ﾠligation	 ﾠ.....................	 ﾠ265	 ﾠ
Figure	 ﾠ8-ﾭ‐8:	 ﾠGAL4;	 ﾠUAS:tdTomato	 ﾠcassette	 ﾠand	 ﾠinternal	 ﾠreporter	 ﾠsequences	 ﾠ...........	 ﾠ267	 ﾠ
Index	 ﾠof	 ﾠTables	 ﾠ
Table	 ﾠ2-ﾭ‐1:	 ﾠList	 ﾠof	 ﾠreagents	 ﾠused	 ﾠfor	 ﾠISH.	 ﾠ.....................................................................	 ﾠ59	 ﾠ
Table	 ﾠ2-ﾭ‐2:	 ﾠProteinase	 ﾠK	 ﾠtreatment	 ﾠ.............................................................................	 ﾠ60	 ﾠ
Table	 ﾠ2-ﾭ‐3:	 ﾠList	 ﾠof	 ﾠprimary	 ﾠantibodies	 ﾠused	 ﾠfor	 ﾠIHC.	 ﾠ....................................................	 ﾠ62	 ﾠ
Table	 ﾠ2-ﾭ‐4:	 ﾠ	 ﾠList	 ﾠof	 ﾠconstructs	 ﾠused	 ﾠfor	 ﾠgenerating	 ﾠcapped	 ﾠRNA	 ﾠ..................................	 ﾠ64	 ﾠ
Table	 ﾠ2-ﾭ‐5:	 ﾠ	 ﾠList	 ﾠof	 ﾠTALEN	 ﾠconstructs	 ﾠ...........................................................................	 ﾠ65	 ﾠ
Table	 ﾠ2-ﾭ‐6:	 ﾠList	 ﾠof	 ﾠprimers	 ﾠused	 ﾠfor	 ﾠgenotyping	 ﾠ...........................................................	 ﾠ67	 ﾠ
Table	 ﾠ2-ﾭ‐7:	 ﾠList	 ﾠof	 ﾠantibodies	 ﾠused	 ﾠfor	 ﾠChIP.	 ﾠ................................................................	 ﾠ69	 ﾠ
Table	 ﾠ2-ﾭ‐8:	 ﾠList	 ﾠof	 ﾠreagents	 ﾠused	 ﾠfor	 ﾠChIP.	 ﾠ...................................................................	 ﾠ70	 ﾠ
Table	 ﾠ2-ﾭ‐9:	 ﾠList	 ﾠof	 ﾠprimers	 ﾠused	 ﾠfor	 ﾠChIP-ﾭ‐qPCR.	 ﾠ...........................................................	 ﾠ74	 ﾠ




APL	 ﾠ=	 ﾠAcute	 ﾠPromyelocytic	 ﾠLeukaemia	 ﾠ
bHLH	 ﾠ=	 ﾠbasic	 ﾠHelix	 ﾠLoop	 ﾠHelix	 ﾠ
BMP	 ﾠ=	 ﾠBone	 ﾠMorphogenetic	 ﾠProteins	 ﾠ
bp	 ﾠ=	 ﾠbase	 ﾠpairs	 ﾠ
ChIP	 ﾠ=	 ﾠChromatin	 ﾠImmunoprecipitation	 ﾠ
CNS	 ﾠ=	 ﾠCentral	 ﾠNervous	 ﾠSystem	 ﾠ
CRISPR	 ﾠ=	 ﾠClustered,	 ﾠRegularly	 ﾠInterspaced,	 ﾠShort	 ﾠPalindromic	 ﾠRepeats	 ﾠ
DV	 ﾠ=	 ﾠDorsal	 ﾠView	 ﾠ
FGF	 ﾠ=	 ﾠFibroblast	 ﾠGrowth	 ﾠFactor	 ﾠ
GFAP	 ﾠ=	 ﾠGlial	 ﾠFibrillary	 ﾠAcidic	 ﾠProtein	 ﾠ
GFP	 ﾠ/	 ﾠRFP	 ﾠ=	 ﾠGreen	 ﾠ/	 ﾠRed	 ﾠFluorescent	 ﾠProtein	 ﾠ
gDNA	 ﾠ=	 ﾠgenomic	 ﾠDNA	 ﾠ
HDAC	 ﾠ=	 ﾠHistone	 ﾠDeacetylase	 ﾠ
hpf	 ﾠ=	 ﾠhours	 ﾠpost	 ﾠfertilisation	 ﾠ
IHC	 ﾠ=	 ﾠImmunohistochemistry	 ﾠ
Indels	 ﾠ=	 ﾠinsertion	 ﾠ/	 ﾠdeletion	 ﾠmutations	 ﾠ
MAB	 ﾠ/	 ﾠPBS	 ﾠ(T)	 ﾠ=	 ﾠMaleic	 ﾠAcid	 ﾠBuffer	 ﾠ/	 ﾠPhosphate	 ﾠBuffered	 ﾠSaline	 ﾠ(+0.1%	 ﾠTween)	 ﾠ
NHEJ	 ﾠ=	 ﾠNon-ﾭ‐Homologous	 ﾠEnd	 ﾠJoining	 ﾠ
RARα	 ﾠ=	 ﾠRetinoic	 ﾠAcid	 ﾠReceptor	 ﾠα	 ﾠ
RFLP	 ﾠ=	 ﾠRestriction	 ﾠFragment	 ﾠLength	 ﾠPolymorphism	 ﾠ
RPE	 ﾠ=	 ﾠRetinal	 ﾠPigmented	 ﾠEpithelium	 ﾠ
RVD	 ﾠ=	 ﾠRepeat	 ﾠVariable	 ﾠDi-ﾭ‐residue	 ﾠ
ss	 ﾠ=	 ﾠsomite	 ﾠstage	 ﾠ
ss	 ﾠ/	 ﾠdsDNA	 ﾠ=	 ﾠsingle	 ﾠstranded	 ﾠ/	 ﾠdouble	 ﾠstranded	 ﾠDNA	 ﾠ
SV	 ﾠ=	 ﾠSagittal	 ﾠView	 ﾠ
TALEN	 ﾠ=	 ﾠTranscriptional	 ﾠActivator-ﾭ‐Like	 ﾠEffector	 ﾠNuclease	 ﾠ
TSS	 ﾠ=	 ﾠTranscription	 ﾠStart	 ﾠSite	 ﾠ
TS	 ﾠ=	 ﾠTransverse	 ﾠSection	 ﾠ
UTR	 ﾠ=	 ﾠUntranslated	 ﾠRegion	 ﾠ
ZFN	 ﾠ=	 ﾠZinc	 ﾠFinger	 ﾠNuclease	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
	 ﾠ 14	 ﾠ
1  Introduction	 ﾠ
The	 ﾠmain	 ﾠaim	 ﾠof	 ﾠmy	 ﾠPhD	 ﾠwork	 ﾠhas	 ﾠbeen	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠ
Promyelocytic	 ﾠLeukemia	 ﾠZinc	 ﾠFinger	 ﾠ(Plzf)	 ﾠprotein	 ﾠwithin	 ﾠneural	 ﾠprogenitors	 ﾠof	 ﾠthe	 ﾠ
vertebrate	 ﾠcentral	 ﾠnervous	 ﾠsystem	 ﾠ(CNS).	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠachieve	 ﾠthis	 ﾠaim,	 ﾠI	 ﾠhave	 ﾠmade	 ﾠ
use	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠas	 ﾠa	 ﾠmodel	 ﾠorganism.	 ﾠ	 ﾠMy	 ﾠintroduction	 ﾠwill	 ﾠbegin	 ﾠwith	 ﾠa	 ﾠ
description	 ﾠof	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠvertebrate	 ﾠnervous	 ﾠsystem,	 ﾠwith	 ﾠthe	 ﾠmain	 ﾠ
focus	 ﾠbeing	 ﾠon	 ﾠthe	 ﾠdeveloping	 ﾠzebrafish	 ﾠembryo.	 ﾠ	 ﾠSubsequently,	 ﾠI	 ﾠwill	 ﾠdescribe	 ﾠthe	 ﾠ
features	 ﾠof	 ﾠPlzf	 ﾠand	 ﾠreview	 ﾠdetails	 ﾠof	 ﾠits	 ﾠexpression	 ﾠand	 ﾠfunction	 ﾠwithin	 ﾠvarious	 ﾠ
tissues.	 ﾠ	 ﾠFinally,	 ﾠI	 ﾠwill	 ﾠend	 ﾠwith	 ﾠa	 ﾠdetailed	 ﾠdescription	 ﾠof	 ﾠour	 ﾠcurrent	 ﾠunderstanding	 ﾠof	 ﾠ
the	 ﾠrole	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠthe	 ﾠCNS	 ﾠand	 ﾠthe	 ﾠgaps	 ﾠin	 ﾠour	 ﾠknowledge	 ﾠthat	 ﾠmy	 ﾠPhD	 ﾠproject	 ﾠ
aims	 ﾠto	 ﾠaddress.	 ﾠ	 ﾠ
1.1  Vertebrate	 ﾠNeurogenesis	 ﾠ
The	 ﾠvertebrate	 ﾠnervous	 ﾠsystem	 ﾠis	 ﾠhugely	 ﾠcomplex	 ﾠand	 ﾠa	 ﾠcomplete	 ﾠ
understanding	 ﾠof	 ﾠits	 ﾠdevelopment	 ﾠis	 ﾠextremely	 ﾠchallenging.	 ﾠ	 ﾠIt	 ﾠis	 ﾠcomprised	 ﾠof	 ﾠ
hundreds	 ﾠof	 ﾠcell	 ﾠtypes	 ﾠthat	 ﾠmust	 ﾠbe	 ﾠproduced	 ﾠat	 ﾠthe	 ﾠright	 ﾠtime	 ﾠand	 ﾠposition	 ﾠand	 ﾠ
organised	 ﾠinto	 ﾠfunctional	 ﾠneuronal	 ﾠcircuits.	 ﾠ	 ﾠThroughout	 ﾠdevelopment	 ﾠa	 ﾠpool	 ﾠof	 ﾠcells	 ﾠ
must	 ﾠremain	 ﾠavailable	 ﾠin	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠthe	 ﾠrequired	 ﾠnumber	 ﾠand	 ﾠvariety	 ﾠof	 ﾠcells	 ﾠ
during	 ﾠneuro-ﾭ‐	 ﾠand	 ﾠgliogenesis.	 ﾠOur	 ﾠknowledge	 ﾠof	 ﾠthe	 ﾠmechanisms	 ﾠbehind	 ﾠthe	 ﾠtight	 ﾠ
regulation	 ﾠof	 ﾠneurodevelopment	 ﾠhas	 ﾠincreased	 ﾠin	 ﾠrecent	 ﾠyears	 ﾠand	 ﾠremains	 ﾠa	 ﾠtopic	 ﾠ
under	 ﾠintense	 ﾠinvestigation.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠsection,	 ﾠI	 ﾠaim	 ﾠto	 ﾠgive	 ﾠan	 ﾠoverview	 ﾠof	 ﾠthe	 ﾠkey	 ﾠ
mechanisms	 ﾠinvolved	 ﾠin	 ﾠgenerating	 ﾠthe	 ﾠrequired	 ﾠdiversity	 ﾠof	 ﾠthe	 ﾠCNS.	 ﾠ
Formation	 ﾠof	 ﾠthe	 ﾠnervous	 ﾠsystem	 ﾠ
The	 ﾠcomplexity	 ﾠof	 ﾠthe	 ﾠnervous	 ﾠsystem	 ﾠarises	 ﾠprogressively	 ﾠand	 ﾠbeings	 ﾠwith	 ﾠa	 ﾠ
uniform	 ﾠfield	 ﾠof	 ﾠepithelial	 ﾠcells	 ﾠgaining	 ﾠcompetence	 ﾠto	 ﾠbecome	 ﾠneurons	 ﾠor	 ﾠglia,	 ﾠvia	 ﾠa	 ﾠ
process	 ﾠthat	 ﾠis	 ﾠtermed	 ﾠneural	 ﾠinduction.	 ﾠ	 ﾠAt	 ﾠthe	 ﾠonset	 ﾠof	 ﾠgastrulation,	 ﾠsignals	 ﾠfrom	 ﾠ
the	 ﾠmesoderm	 ﾠare	 ﾠsecreted	 ﾠto	 ﾠinduce	 ﾠor	 ﾠinhibit	 ﾠneural	 ﾠinduction	 ﾠwithin	 ﾠthe	 ﾠ
ectodermal	 ﾠlayer	 ﾠ(Lumsden	 ﾠand	 ﾠKrumlauf,	 ﾠ1996).	 ﾠ	 ﾠEarly	 ﾠexperiments	 ﾠin	 ﾠamphibians	 ﾠ
led	 ﾠto	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠ‘default	 ﾠmodel’	 ﾠfor	 ﾠneural	 ﾠinduction,	 ﾠwhich	 ﾠproposes	 ﾠ
that	 ﾠectoderm	 ﾠis	 ﾠpre-ﾭ‐programmed	 ﾠtowards	 ﾠa	 ﾠneural	 ﾠfate	 ﾠunless	 ﾠinhibited	 ﾠby	 ﾠbone	 ﾠ
morphogenetic	 ﾠproteins	 ﾠ(BMPs)	 ﾠ(Vasquez	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠ	 ﾠImportant	 ﾠadvances	 ﾠin	 ﾠour	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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understanding	 ﾠof	 ﾠneural	 ﾠinduction	 ﾠhave	 ﾠrevealed	 ﾠthat	 ﾠthe	 ﾠprocess	 ﾠis	 ﾠconsiderably	 ﾠ
more	 ﾠcomplex	 ﾠand	 ﾠinvolves	 ﾠwingless-ﾭ‐integrated	 ﾠ(Wnt),	 ﾠfibroblast	 ﾠgrowth	 ﾠfactor	 ﾠ(FGF)	 ﾠ
and	 ﾠinsulin-ﾭ‐like	 ﾠgrowth	 ﾠfactor	 ﾠfamily	 ﾠmembers	 ﾠ(Wilson	 ﾠet	 ﾠal.,	 ﾠ2002,	 ﾠBally-ﾭ‐Cuif	 ﾠand	 ﾠ
Hammerschmidt,	 ﾠ2003).	 ﾠ	 ﾠConcomitant	 ﾠwith	 ﾠneural	 ﾠinduction	 ﾠis	 ﾠthe	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠ
SoxB	 ﾠfamily	 ﾠof	 ﾠtranscription	 ﾠfactors,	 ﾠwhich	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠkey	 ﾠregulators	 ﾠof	 ﾠ
neural	 ﾠspecification	 ﾠ(Pevny	 ﾠand	 ﾠPlaczek,	 ﾠ2005).	 ﾠ	 ﾠ	 ﾠ
These	 ﾠcompetent	 ﾠectodermal	 ﾠepithelial	 ﾠcells	 ﾠform	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠand	 ﾠgo	 ﾠon	 ﾠ
to	 ﾠbe	 ﾠtransformed	 ﾠinto	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠin	 ﾠa	 ﾠprocess	 ﾠknown	 ﾠas	 ﾠneurulation.	 ﾠ	 ﾠThe	 ﾠ
zebrafish	 ﾠneural	 ﾠplate	 ﾠcan	 ﾠfirst	 ﾠbe	 ﾠobserved	 ﾠduring	 ﾠearly	 ﾠsomitogenesis	 ﾠas	 ﾠa	 ﾠ
prominent	 ﾠthickening	 ﾠof	 ﾠcells	 ﾠ(Kimmel	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠEarly	 ﾠstudies	 ﾠsuggested	 ﾠthat	 ﾠthe	 ﾠ
neural	 ﾠplate	 ﾠis	 ﾠa	 ﾠmonolayer	 ﾠ(Papan	 ﾠand	 ﾠCampos-ﾭ‐Ortega,	 ﾠ1994),	 ﾠwhilst	 ﾠmore	 ﾠrecent	 ﾠ
work	 ﾠhas	 ﾠshown	 ﾠthat	 ﾠin	 ﾠsome	 ﾠparts	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠcan	 ﾠbe	 ﾠup	 ﾠto	 ﾠsix	 ﾠ
cells	 ﾠdeep	 ﾠ(Tawk	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠClarke,	 ﾠ2009).	 ﾠ	 ﾠNeurulation	 ﾠends	 ﾠwith	 ﾠthe	 ﾠformation	 ﾠof	 ﾠ
the	 ﾠneural	 ﾠtube,	 ﾠhowever	 ﾠthe	 ﾠsteps	 ﾠinvolved	 ﾠvary	 ﾠbetween	 ﾠdifferent	 ﾠorganisms.	 ﾠ
The	 ﾠmajority	 ﾠof	 ﾠvertebrates	 ﾠundergo	 ﾠa	 ﾠmechanism	 ﾠwhereby	 ﾠthe	 ﾠlateral	 ﾠedges	 ﾠ
of	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠmove	 ﾠtowards	 ﾠeach	 ﾠother	 ﾠand	 ﾠfuse	 ﾠat	 ﾠfuture	 ﾠdorsal	 ﾠmidline,	 ﾠ
forming	 ﾠthe	 ﾠhollow	 ﾠneural	 ﾠtube	 ﾠ(Blader	 ﾠand	 ﾠSträhle,	 ﾠ2000).	 ﾠ	 ﾠIn	 ﾠzebrafish,	 ﾠhowever,	 ﾠ
the	 ﾠplate	 ﾠinitially	 ﾠbecomes	 ﾠa	 ﾠsolid	 ﾠstructure	 ﾠtermed	 ﾠthe	 ﾠneural	 ﾠkeel,	 ﾠwhich	 ﾠ
subsequently	 ﾠrounds	 ﾠinto	 ﾠa	 ﾠcylindrical	 ﾠsolid	 ﾠneural	 ﾠrod	 ﾠbefore	 ﾠfinally	 ﾠbecoming	 ﾠthe	 ﾠ
neural	 ﾠtube	 ﾠthrough	 ﾠcavitation	 ﾠ(Papan	 ﾠand	 ﾠCampos-ﾭ‐Ortega,	 ﾠ1994).	 ﾠ	 ﾠThis	 ﾠprocess	 ﾠis	 ﾠ
shown	 ﾠschematically	 ﾠin	 ﾠFigure	 ﾠ1-ﾭ‐1.	 ﾠ
In	 ﾠall	 ﾠvertebrates,	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠis	 ﾠpatterned	 ﾠalong	 ﾠthe	 ﾠthree	 ﾠbody	 ﾠaxes:	 ﾠthe	 ﾠ
anterior-ﾭ‐posterior,	 ﾠdorsal-ﾭ‐ventral	 ﾠand	 ﾠleft-ﾭ‐right	 ﾠaxes;	 ﾠproviding	 ﾠthe	 ﾠprogenitor	 ﾠcells	 ﾠ
with	 ﾠpositional	 ﾠinformation	 ﾠthat	 ﾠgives	 ﾠthe	 ﾠcell	 ﾠits	 ﾠcorrect	 ﾠidentity	 ﾠ(Altmann	 ﾠand	 ﾠ
Brivanlou,	 ﾠ2001).	 ﾠ	 ﾠFollowing	 ﾠneural	 ﾠinduction,	 ﾠcells	 ﾠof	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠdisplay	 ﾠan	 ﾠ
anterior	 ﾠfate	 ﾠand	 ﾠare	 ﾠtransformed	 ﾠto	 ﾠadopt	 ﾠa	 ﾠposterior	 ﾠcharacter	 ﾠby	 ﾠvarious	 ﾠ
signalling	 ﾠmolecules	 ﾠ(Wilson	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠSeveral	 ﾠdiscrete	 ﾠlocal	 ﾠorganisers	 ﾠact	 ﾠto	 ﾠ
divide	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠinto	 ﾠfour	 ﾠanatomical	 ﾠdivisions	 ﾠalong	 ﾠthe	 ﾠanterior-ﾭ‐posterior	 ﾠ
axis,	 ﾠproviding	 ﾠregions	 ﾠwith	 ﾠdistinct	 ﾠspatial	 ﾠidentity	 ﾠ(Kiecker	 ﾠand	 ﾠLumsden,	 ﾠ2012).	 ﾠ	 ﾠAt	 ﾠ
the	 ﾠanterior,	 ﾠthe	 ﾠbrain	 ﾠis	 ﾠmade	 ﾠup	 ﾠof	 ﾠthe	 ﾠforebrain,	 ﾠmidbrain	 ﾠand	 ﾠhindbrain	 ﾠwhile	 ﾠthe	 ﾠ
posterior	 ﾠneural	 ﾠtube	 ﾠforms	 ﾠthe	 ﾠspinal	 ﾠcord.	 ﾠ	 ﾠThe	 ﾠhindbrain	 ﾠis	 ﾠfurther	 ﾠsubdivided	 ﾠinto	 ﾠ
seven	 ﾠor	 ﾠeight	 ﾠevolutionarily	 ﾠconserved,	 ﾠlineage-ﾭ‐restricted	 ﾠcompartments,	 ﾠknown	 ﾠas	 ﾠ	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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Figure	 ﾠ1-ﾭ‐1:	 ﾠFormation	 ﾠof	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠ
Cartoon	 ﾠdepicting	 ﾠthe	 ﾠmajor	 ﾠsteps	 ﾠin	 ﾠthe	 ﾠformation	 ﾠof	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠin	 ﾠzebrafish.	 ﾠ	 ﾠ
Images	 ﾠshown	 ﾠare	 ﾠcross-ﾭ‐sections,	 ﾠwith	 ﾠdorsal	 ﾠto	 ﾠthe	 ﾠtop.	 ﾠ	 ﾠA	 ﾠthin	 ﾠlayer	 ﾠof	 ﾠ
neuroepithelial	 ﾠcells	 ﾠmake	 ﾠup	 ﾠthe	 ﾠneural	 ﾠplate,	 ﾠobserved	 ﾠat	 ﾠtailbud	 ﾠstage.	 ﾠ	 ﾠThe	 ﾠ
notochord	 ﾠis	 ﾠpositioned	 ﾠmedially	 ﾠand	 ﾠventral	 ﾠto	 ﾠthe	 ﾠneural	 ﾠplate,	 ﾠshown	 ﾠin	 ﾠred.	 ﾠ
Neural	 ﾠplate	 ﾠcells	 ﾠconverge	 ﾠtowards	 ﾠthe	 ﾠdorsal	 ﾠmidline,	 ﾠforming	 ﾠinitially	 ﾠthe	 ﾠneural	 ﾠ
keel	 ﾠand	 ﾠlater	 ﾠthe	 ﾠneural	 ﾠrod.	 ﾠ	 ﾠBy	 ﾠthe	 ﾠ20-ﾭ‐somite	 ﾠstage,	 ﾠthe	 ﾠneural	 ﾠrod	 ﾠhas	 ﾠformed	 ﾠa	 ﾠ
cavity	 ﾠand	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠis	 ﾠformed.	 ﾠ
Figure	 ﾠadapted	 ﾠfrom	 ﾠPapan	 ﾠand	 ﾠCampos-ﾭ‐Ortega	 ﾠ(1994).	 ﾠ
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rhombomeres	 ﾠ(Lumsden	 ﾠand	 ﾠKrumlauf,	 ﾠ1996).	 ﾠ	 ﾠRhombomere	 ﾠidentity	 ﾠis	 ﾠconferred	 ﾠby	 ﾠ
the	 ﾠrestricted	 ﾠexpression	 ﾠof	 ﾠspecific	 ﾠtranscription	 ﾠfactors	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠHox	 ﾠgenes.	 ﾠ	 ﾠ
Providing	 ﾠrhombomeres	 ﾠwith	 ﾠindividual	 ﾠidentity	 ﾠis	 ﾠrequired	 ﾠto	 ﾠensure	 ﾠthat	 ﾠthe	 ﾠ
correct	 ﾠpattern	 ﾠof	 ﾠneural	 ﾠsubtypes	 ﾠarise	 ﾠlater	 ﾠin	 ﾠdevelopment	 ﾠ(Kimmel,	 ﾠ1993,	 ﾠPasini	 ﾠ
and	 ﾠWilkinson,	 ﾠ2002,	 ﾠKiecker	 ﾠand	 ﾠLumsden,	 ﾠ2005).	 ﾠ
The	 ﾠneural	 ﾠtube	 ﾠis	 ﾠalso	 ﾠpatterned	 ﾠalong	 ﾠits	 ﾠdorsal-ﾭ‐ventral	 ﾠaxis.	 ﾠ	 ﾠThe	 ﾠmost-ﾭ‐
ventral	 ﾠcell	 ﾠtype	 ﾠin	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠis	 ﾠthe	 ﾠfloor	 ﾠplate,	 ﾠwhilst	 ﾠcells	 ﾠin	 ﾠthe	 ﾠdorsal	 ﾠneural	 ﾠ
tube	 ﾠinitially	 ﾠgive	 ﾠrise	 ﾠto	 ﾠneural	 ﾠcrest	 ﾠcells	 ﾠand	 ﾠsubsequently	 ﾠto	 ﾠroof	 ﾠplate	 ﾠcells	 ﾠ
(Tanabe	 ﾠand	 ﾠJessell,	 ﾠ1996).	 ﾠ	 ﾠThe	 ﾠgeneration	 ﾠof	 ﾠventral	 ﾠcell	 ﾠtypes	 ﾠcomes	 ﾠfrom	 ﾠ
inductive	 ﾠsignals	 ﾠoriginating	 ﾠfrom	 ﾠthe	 ﾠnotochord,	 ﾠa	 ﾠmesodermal	 ﾠstructure	 ﾠpositioned	 ﾠ
medially	 ﾠand	 ﾠventrally	 ﾠto	 ﾠthe	 ﾠneural	 ﾠtube.	 ﾠ	 ﾠA	 ﾠmajor	 ﾠinductive	 ﾠsignal	 ﾠis	 ﾠSonic	 ﾠ
hedgehog,	 ﾠinitially	 ﾠacting	 ﾠto	 ﾠestablish	 ﾠthe	 ﾠfloor	 ﾠplate	 ﾠas	 ﾠa	 ﾠsource	 ﾠof	 ﾠthe	 ﾠmorphogen	 ﾠ
and	 ﾠsubsequently	 ﾠspecifying	 ﾠfunctionally	 ﾠdistinct	 ﾠneurons	 ﾠat	 ﾠdiscrete	 ﾠpositions	 ﾠalong	 ﾠ
the	 ﾠdorsal-ﾭ‐ventral	 ﾠaxis	 ﾠ(Blader	 ﾠand	 ﾠSträhle,	 ﾠ2000,	 ﾠDessaud	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠBMP	 ﾠ
signalling	 ﾠmolecules	 ﾠfrom	 ﾠthe	 ﾠepidermal	 ﾠectoderm	 ﾠinduce	 ﾠthe	 ﾠformation	 ﾠof	 ﾠthe	 ﾠroof	 ﾠ
plate	 ﾠ(Chizhikov	 ﾠand	 ﾠMillen,	 ﾠ2004),	 ﾠwhich	 ﾠlater	 ﾠproduces	 ﾠWnt	 ﾠand	 ﾠBMP	 ﾠsignalling	 ﾠ
molecules	 ﾠessential	 ﾠfor	 ﾠthe	 ﾠpatterning	 ﾠof	 ﾠdorsal	 ﾠcell	 ﾠtypes	 ﾠ(Chizhikov	 ﾠand	 ﾠMillen,	 ﾠ
2005).	 ﾠ
Generating	 ﾠthe	 ﾠcells	 ﾠof	 ﾠthe	 ﾠnervous	 ﾠsystem	 ﾠ
Cells	 ﾠof	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠdivide	 ﾠsymmetrically,	 ﾠexpanding	 ﾠthe	 ﾠpool	 ﾠof	 ﾠ
progenitors	 ﾠrequired	 ﾠto	 ﾠgenerate	 ﾠthe	 ﾠcorrect	 ﾠnumber	 ﾠof	 ﾠdifferentiated	 ﾠneural	 ﾠcell	 ﾠ
types.	 ﾠ	 ﾠThese	 ﾠbipolar	 ﾠneuroepithelial	 ﾠcells	 ﾠspan	 ﾠthe	 ﾠwidth	 ﾠof	 ﾠthe	 ﾠneural	 ﾠplate,	 ﾠ
undergoing	 ﾠinterkinetic	 ﾠnuclear	 ﾠmigration	 ﾠwhereby	 ﾠthe	 ﾠcell	 ﾠnucleus	 ﾠmoves	 ﾠbetween	 ﾠ
the	 ﾠbasal	 ﾠand	 ﾠapical	 ﾠsurface	 ﾠsynchronised	 ﾠwith	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠ(Takahashi	 ﾠet	 ﾠal.,	 ﾠ1993).	 ﾠ	 ﾠ
Cells	 ﾠundergoing	 ﾠmitosis	 ﾠare	 ﾠpositioned	 ﾠat	 ﾠthe	 ﾠapical	 ﾠsurface	 ﾠwhilst	 ﾠDNA	 ﾠsynthesis	 ﾠ
occurs	 ﾠwhen	 ﾠthe	 ﾠcells	 ﾠare	 ﾠlocated	 ﾠin	 ﾠmore	 ﾠbasal	 ﾠpositions.	 ﾠ	 ﾠ	 ﾠ
During	 ﾠneural	 ﾠtube	 ﾠformation,	 ﾠthe	 ﾠmultipotent	 ﾠneuroepithelial	 ﾠcells	 ﾠbecome	 ﾠ
radial	 ﾠglial	 ﾠcells,	 ﾠexpressing	 ﾠastroglial	 ﾠmarkers	 ﾠsuch	 ﾠas	 ﾠglial	 ﾠfibrillary	 ﾠacidic	 ﾠprotein	 ﾠ
(GFAP).	 ﾠ	 ﾠThese	 ﾠbipolar	 ﾠcells	 ﾠare	 ﾠcharacterised	 ﾠby	 ﾠtheir	 ﾠdistinct	 ﾠmorphology,	 ﾠtheir	 ﾠcell	 ﾠ
bodies	 ﾠremaining	 ﾠadjacent	 ﾠto	 ﾠthe	 ﾠlumen	 ﾠof	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠand	 ﾠextending	 ﾠlong	 ﾠglial-ﾭ‐
like	 ﾠfibres	 ﾠto	 ﾠmake	 ﾠcontact	 ﾠwith	 ﾠboth	 ﾠthe	 ﾠapical	 ﾠsurface	 ﾠand	 ﾠthe	 ﾠmembrane	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	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surrounding	 ﾠthe	 ﾠneural	 ﾠtube,	 ﾠtermed	 ﾠthe	 ﾠpial	 ﾠsurface	 ﾠ(Rakic,	 ﾠ1972).	 ﾠ	 ﾠSimilar	 ﾠto	 ﾠthe	 ﾠ
neuroepithelial	 ﾠcells,	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠundergo	 ﾠinterkinetic	 ﾠnuclear	 ﾠmigration,	 ﾠ
however	 ﾠthis	 ﾠmigration	 ﾠis	 ﾠrestricted	 ﾠto	 ﾠan	 ﾠapical	 ﾠregion	 ﾠreferred	 ﾠto	 ﾠas	 ﾠthe	 ﾠventricular	 ﾠ
zone	 ﾠ(Malatesta	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ
For	 ﾠmany	 ﾠyears,	 ﾠthese	 ﾠcells	 ﾠwere	 ﾠbelieved	 ﾠto	 ﾠhave	 ﾠa	 ﾠpurely	 ﾠstructural	 ﾠrole,	 ﾠ
existing	 ﾠas	 ﾠscaffolds	 ﾠto	 ﾠhelp	 ﾠguide	 ﾠmigrating	 ﾠneurons	 ﾠto	 ﾠoccupy	 ﾠtheir	 ﾠfinal	 ﾠposition	 ﾠ
within	 ﾠthe	 ﾠneural	 ﾠtube.	 ﾠ	 ﾠAt	 ﾠthe	 ﾠturn	 ﾠof	 ﾠthis	 ﾠcentury,	 ﾠit	 ﾠwas	 ﾠdetermined	 ﾠthat	 ﾠthese	 ﾠcells	 ﾠ
are	 ﾠmitotically	 ﾠactive	 ﾠand	 ﾠfunction	 ﾠas	 ﾠneural	 ﾠprogenitors	 ﾠ(Noctor	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠThe	 ﾠ
prevailing	 ﾠview	 ﾠis	 ﾠthat	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠare	 ﾠthe	 ﾠmain	 ﾠsource	 ﾠof	 ﾠneurons	 ﾠand	 ﾠglia	 ﾠwithin	 ﾠ
the	 ﾠCNS	 ﾠof	 ﾠvertebrates	 ﾠ(Alvarez-ﾭ‐Buylla	 ﾠet	 ﾠal.,	 ﾠ2001,	 ﾠMalatesta	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠ
mammals,	 ﾠthe	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠdisappear	 ﾠshortly	 ﾠafter	 ﾠbirth,	 ﾠgiving	 ﾠrise	 ﾠto	 ﾠependymal	 ﾠ
cells	 ﾠand	 ﾠastrocytes,	 ﾠsome	 ﾠof	 ﾠwhich	 ﾠcontinue	 ﾠto	 ﾠact	 ﾠas	 ﾠneural	 ﾠstem	 ﾠcells	 ﾠ(Doetsch,	 ﾠ
2003).	 ﾠ	 ﾠIn	 ﾠother	 ﾠvertebrates,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠzebrafish,	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠpersist	 ﾠinto	 ﾠ
adulthood	 ﾠand	 ﾠcontinue	 ﾠto	 ﾠgenerate	 ﾠnew	 ﾠneurons	 ﾠ(Rothenaigner	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
The	 ﾠrequirement	 ﾠto	 ﾠbuild	 ﾠa	 ﾠhuge	 ﾠvariety	 ﾠof	 ﾠneural	 ﾠcell	 ﾠtypes	 ﾠthroughout	 ﾠ
embryogenesis	 ﾠnecessitates	 ﾠthat	 ﾠprogenitor	 ﾠcells	 ﾠdifferentiate	 ﾠinto	 ﾠneurons	 ﾠwhilst	 ﾠ
maintaining	 ﾠa	 ﾠpopulation	 ﾠof	 ﾠundifferentiated	 ﾠstem	 ﾠcells.	 ﾠ	 ﾠUpon	 ﾠcell	 ﾠdivision,	 ﾠthe	 ﾠ
progeny	 ﾠcan	 ﾠeither	 ﾠwithdraw	 ﾠfrom	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠand	 ﾠbecome	 ﾠirreversibly	 ﾠcommitted	 ﾠ
to	 ﾠa	 ﾠneuronal	 ﾠfate	 ﾠor	 ﾠremain	 ﾠas	 ﾠpluripotent,	 ﾠundifferentiated	 ﾠneural	 ﾠprogenitors	 ﾠwith	 ﾠ
the	 ﾠability	 ﾠto	 ﾠself-ﾭ‐proliferate	 ﾠ(Bertrand	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠThe	 ﾠproduction	 ﾠof	 ﾠneurons	 ﾠcan	 ﾠ
be	 ﾠaccomplished	 ﾠby	 ﾠasymmetric	 ﾠdivisions	 ﾠthat	 ﾠgenerate	 ﾠa	 ﾠneuron	 ﾠand	 ﾠanother	 ﾠ
progenitor	 ﾠcell	 ﾠor	 ﾠby	 ﾠdivisions	 ﾠthat	 ﾠgenerate	 ﾠtwo	 ﾠdifferentiated	 ﾠneurons;	 ﾠboth	 ﾠ
processes	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠimportant	 ﾠin	 ﾠvertebrates	 ﾠand	 ﾠinvertebrates	 ﾠ
(Roegiers	 ﾠand	 ﾠJan,	 ﾠ2004).	 ﾠ	 ﾠUpon	 ﾠdivision,	 ﾠthe	 ﾠcell	 ﾠdestined	 ﾠto	 ﾠbecome	 ﾠa	 ﾠneuron	 ﾠ
migrates	 ﾠbasally	 ﾠalong	 ﾠthe	 ﾠfibres	 ﾠof	 ﾠthe	 ﾠradial	 ﾠglial	 ﾠcells,	 ﾠuntil	 ﾠreaching	 ﾠits	 ﾠfinal	 ﾠ
position	 ﾠin	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠoutside	 ﾠof	 ﾠthe	 ﾠventricular	 ﾠzone,	 ﾠan	 ﾠarea	 ﾠtermed	 ﾠthe	 ﾠ
mantle	 ﾠzone.	 ﾠ	 ﾠA	 ﾠsimplified	 ﾠcartoon	 ﾠoutlining	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠcells	 ﾠof	 ﾠthe	 ﾠnervous	 ﾠ
system	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ1-ﾭ‐2.	 ﾠ
Asymmetric	 ﾠcell	 ﾠdivisions	 ﾠof	 ﾠthe	 ﾠneural	 ﾠstem	 ﾠcells	 ﾠhave	 ﾠbeen	 ﾠextensively	 ﾠ
studied	 ﾠin	 ﾠinvertebrates.	 ﾠ	 ﾠMost	 ﾠneural	 ﾠstem	 ﾠcells,	 ﾠtermed	 ﾠneuroblasts,	 ﾠdivide	 ﾠ
asymmetrically	 ﾠto	 ﾠproduce	 ﾠanother	 ﾠself-ﾭ‐renewing	 ﾠneuroblast	 ﾠand	 ﾠa	 ﾠganglion	 ﾠmother	 ﾠ
cell	 ﾠ(Brand	 ﾠand	 ﾠLivesey,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠganglion	 ﾠmother	 ﾠcell	 ﾠwill	 ﾠdivide	 ﾠonce	 ﾠmore,	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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producing	 ﾠtwo	 ﾠpost-ﾭ‐mitotic	 ﾠneurons	 ﾠor	 ﾠglial	 ﾠcells	 ﾠof	 ﾠa	 ﾠrelated	 ﾠidentity	 ﾠthat	 ﾠis	 ﾠ
dependent	 ﾠupon	 ﾠtheir	 ﾠbirth	 ﾠorder	 ﾠ(Lin	 ﾠand	 ﾠLee,	 ﾠ2012).	 ﾠ	 ﾠPolarity	 ﾠproteins	 ﾠwithin	 ﾠthe	 ﾠ
neuroblast	 ﾠfunction	 ﾠto	 ﾠpromote	 ﾠasymmetric	 ﾠdistribution	 ﾠof	 ﾠcell	 ﾠfate	 ﾠdeterminants,	 ﾠ
such	 ﾠas	 ﾠProspero,	 ﾠBrat	 ﾠand	 ﾠNumb,	 ﾠinto	 ﾠthe	 ﾠdifferentiating	 ﾠdaughter	 ﾠcell,	 ﾠensuring	 ﾠ
that	 ﾠthe	 ﾠapical	 ﾠdaughter	 ﾠretains	 ﾠits	 ﾠproliferative	 ﾠcapability	 ﾠ(Wodarz	 ﾠand	 ﾠHuttner,	 ﾠ
2003).	 ﾠ	 ﾠ	 ﾠ
Whilst	 ﾠour	 ﾠunderstanding	 ﾠof	 ﾠthese	 ﾠprocesses	 ﾠin	 ﾠvertebrates	 ﾠis	 ﾠless	 ﾠcomplete,	 ﾠ
studies	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠare	 ﾠpredominantly	 ﾠundergoing	 ﾠasymmetric	 ﾠ
cell	 ﾠdivisions	 ﾠ(Noctor	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠAlexandre	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠand	 ﾠthat	 ﾠhomologues	 ﾠof	 ﾠ
both	 ﾠthe	 ﾠpolarity	 ﾠproteins	 ﾠ(Bultje	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠAlexandre	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠand	 ﾠcell	 ﾠfate	 ﾠ
determinants	 ﾠ(Schwamborn	 ﾠet	 ﾠal.,	 ﾠ2009)	 ﾠare	 ﾠinvolved.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠmouse	 ﾠneocortex,	 ﾠthe	 ﾠ
daughter	 ﾠcell	 ﾠthat	 ﾠinherits	 ﾠthe	 ﾠgreater	 ﾠamount	 ﾠof	 ﾠthe	 ﾠpolarity	 ﾠprotein	 ﾠPar3	 ﾠdevelops	 ﾠ
high	 ﾠNotch	 ﾠactivity	 ﾠand	 ﾠremains	 ﾠa	 ﾠprogenitor;	 ﾠwhilst	 ﾠthe	 ﾠother	 ﾠcell	 ﾠgoes	 ﾠon	 ﾠto	 ﾠ
differentiate	 ﾠ(Bultje	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠThere	 ﾠis	 ﾠevidence	 ﾠthat	 ﾠthis	 ﾠmechanism	 ﾠis	 ﾠnot	 ﾠ
universally	 ﾠtrue;	 ﾠstudies	 ﾠin	 ﾠzebrafish	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠPar3	 ﾠsegregates	 ﾠ
asymmetrically	 ﾠinto	 ﾠthe	 ﾠapical	 ﾠdaughter	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠneurogenic	 ﾠprotein	 ﾠMind	 ﾠ
bomb	 ﾠ(Alexandre	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠDong	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIt	 ﾠis	 ﾠthis	 ﾠapical	 ﾠdaughter	 ﾠcell	 ﾠthat	 ﾠ
goes	 ﾠonto	 ﾠdifferentiate	 ﾠwhilst	 ﾠthe	 ﾠmore	 ﾠbasally	 ﾠlocated	 ﾠdaughter	 ﾠadopts	 ﾠthe	 ﾠself-ﾭ‐
renewal	 ﾠfate	 ﾠ(Figure	 ﾠ1-ﾭ‐2).	 ﾠ	 ﾠ	 ﾠ
In	 ﾠrecent	 ﾠyears,	 ﾠstudies	 ﾠwithin	 ﾠboth	 ﾠrodents	 ﾠand	 ﾠprimates	 ﾠhave	 ﾠrevealed	 ﾠthe	 ﾠ
existence	 ﾠof	 ﾠfurther	 ﾠclasses	 ﾠof	 ﾠprogenitors	 ﾠnot	 ﾠfound	 ﾠwithin	 ﾠlower	 ﾠvertebrates	 ﾠsuch	 ﾠ
as	 ﾠthe	 ﾠzebrafish,	 ﾠsuggesting	 ﾠthat	 ﾠthere	 ﾠis	 ﾠan	 ﾠevolutionary	 ﾠrequirement	 ﾠto	 ﾠexpand	 ﾠthe	 ﾠ
production	 ﾠof	 ﾠneural	 ﾠcell	 ﾠtypes	 ﾠas	 ﾠbrain	 ﾠsize	 ﾠincreases	 ﾠ(Fish	 ﾠet	 ﾠal.,	 ﾠ2008,	 ﾠFlorio	 ﾠand	 ﾠ
Huttner,	 ﾠ2014).	 ﾠ	 ﾠThese	 ﾠinclude	 ﾠclasses	 ﾠof	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠthat	 ﾠdivide	 ﾠwithin	 ﾠthe	 ﾠ
ventricular	 ﾠzone,	 ﾠbut	 ﾠaway	 ﾠfrom	 ﾠthe	 ﾠapical	 ﾠsurface	 ﾠ(Pilz	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIntermediate	 ﾠ
progenitors	 ﾠconstitute	 ﾠa	 ﾠdistinct	 ﾠprogenitor	 ﾠcell	 ﾠtype	 ﾠthat	 ﾠarise	 ﾠfrom	 ﾠradial	 ﾠglial	 ﾠcell	 ﾠ
divisions	 ﾠat	 ﾠthe	 ﾠapical	 ﾠsurface	 ﾠand	 ﾠaccumulate	 ﾠin	 ﾠa	 ﾠregion	 ﾠknown	 ﾠas	 ﾠthe	 ﾠ
subventricular	 ﾠzone	 ﾠwithin	 ﾠthe	 ﾠneocortex	 ﾠ(Noctor	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠThese	 ﾠcells	 ﾠare	 ﾠ
mitotically	 ﾠactive	 ﾠand	 ﾠcapable	 ﾠof	 ﾠundergoing	 ﾠone	 ﾠfurther	 ﾠround	 ﾠof	 ﾠsymmetrical	 ﾠ
proliferative	 ﾠdivision	 ﾠaway	 ﾠfrom	 ﾠthe	 ﾠapical	 ﾠsurface	 ﾠbefore	 ﾠbeing	 ﾠself-ﾭ‐consumed	 ﾠby	 ﾠa	 ﾠ
symmetrical	 ﾠneurogenic	 ﾠdivision.	 ﾠ	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Figure	 ﾠ1-ﾭ‐2:	 ﾠNeurogenesis	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠvertebrate	 ﾠCNS	 ﾠ
Simplified	 ﾠoverview	 ﾠof	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠembryonic	 ﾠCNS.	 ﾠ	 ﾠEarly	 ﾠneural	 ﾠprogenitor	 ﾠ
cells	 ﾠare	 ﾠpolarised	 ﾠneuroepithelial	 ﾠcells	 ﾠthat	 ﾠundergo	 ﾠinterkinetic	 ﾠnuclear	 ﾠmigration	 ﾠin	 ﾠ
time	 ﾠwith	 ﾠthe	 ﾠcell	 ﾠcycle.	 ﾠ	 ﾠWhen	 ﾠthe	 ﾠnucleus	 ﾠis	 ﾠat	 ﾠthe	 ﾠapical	 ﾠsurface,	 ﾠthe	 ﾠcells	 ﾠdivide	 ﾠ
symmetrically,	 ﾠexpanding	 ﾠthe	 ﾠpool	 ﾠof	 ﾠprogenitors.	 ﾠ	 ﾠThese	 ﾠneuroepithelial	 ﾠcells	 ﾠ
transition	 ﾠinto	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠwhich	 ﾠcontain	 ﾠtheir	 ﾠcell	 ﾠbodies	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠ
zone	 ﾠ(orange)	 ﾠand	 ﾠextend	 ﾠglial	 ﾠprocesses	 ﾠthrough	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠ(white),	 ﾠ
contacting	 ﾠthe	 ﾠbasal	 ﾠ(pial)	 ﾠsurface.	 ﾠ	 ﾠRadial	 ﾠglial	 ﾠcells	 ﾠcan	 ﾠundergo	 ﾠasymmetric	 ﾠ
divisions,	 ﾠwhereby	 ﾠone	 ﾠdaughter	 ﾠcell	 ﾠbecomes	 ﾠa	 ﾠneuron	 ﾠand	 ﾠthe	 ﾠother	 ﾠwill	 ﾠremain	 ﾠa	 ﾠ
progenitor.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠzebrafish,	 ﾠasymmetric	 ﾠinheritance	 ﾠof	 ﾠpolarity	 ﾠproteins	 ﾠand	 ﾠMind	 ﾠ
bomb	 ﾠinto	 ﾠthe	 ﾠapical	 ﾠdaughter	 ﾠ(blue)	 ﾠbias	 ﾠthe	 ﾠneurogenic	 ﾠfate.	 ﾠ	 ﾠThis	 ﾠcommitted	 ﾠcell	 ﾠ
will	 ﾠmigrate	 ﾠalong	 ﾠthe	 ﾠglial	 ﾠfibre,	 ﾠundergoing	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠ(see	 ﾠtext)	 ﾠuntil	 ﾠ
terminal	 ﾠdifferentiation	 ﾠin	 ﾠthe	 ﾠmantle	 ﾠzone.	 ﾠ	 ﾠAs	 ﾠwell	 ﾠas	 ﾠasymmetric	 ﾠdivisions,	 ﾠradial	 ﾠ
glial	 ﾠcells	 ﾠcan	 ﾠundergo	 ﾠsymmetrical	 ﾠself-ﾭ‐consuming	 ﾠdivisions,	 ﾠproducing	 ﾠ2	 ﾠneurons.	 ﾠ	 ﾠ
Over	 ﾠtime,	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠnarrows	 ﾠand	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠexpands.	 ﾠ
Figure	 ﾠadapted	 ﾠfrom	 ﾠParidaen	 ﾠand	 ﾠHuttner	 ﾠ(2014).	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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Figure	 ﾠ1-ﾭ‐3:	 ﾠPatterning	 ﾠof	 ﾠneurogenesis	 ﾠ
Spatial	 ﾠpatterning	 ﾠof	 ﾠneurogenesis	 ﾠat	 ﾠthe	 ﾠearly	 ﾠneural	 ﾠplate	 ﾠstage	 ﾠin	 ﾠthe	 ﾠzebrafish.	 ﾠ	 ﾠA	 ﾠ
dorsal	 ﾠview	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠis	 ﾠshown,	 ﾠwith	 ﾠanterior	 ﾠto	 ﾠthe	 ﾠtop.	 ﾠ	 ﾠLabelled	 ﾠdomains	 ﾠin	 ﾠ
grey	 ﾠare	 ﾠactively	 ﾠundergoing	 ﾠneurogenesis.	 ﾠ	 ﾠColoured	 ﾠpatterns	 ﾠdistinguish	 ﾠregions	 ﾠof	 ﾠ
the	 ﾠneural	 ﾠplate	 ﾠwhere	 ﾠneurogenesis	 ﾠis	 ﾠbeing	 ﾠactively	 ﾠinhibited.	 ﾠ	 ﾠFigure	 ﾠadapted	 ﾠfrom	 ﾠ
Bally-ﾭ‐Cuif	 ﾠand	 ﾠHammerschmidt	 ﾠ(2003).	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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Patterning	 ﾠof	 ﾠneurogenesis	 ﾠ
Precursors	 ﾠwithin	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠwill	 ﾠdifferentiate	 ﾠinto	 ﾠneurons	 ﾠor	 ﾠglia	 ﾠin	 ﾠa	 ﾠ
temporally	 ﾠand	 ﾠspatially	 ﾠcontrolled	 ﾠmanner.	 ﾠ	 ﾠSeveral	 ﾠtranscription	 ﾠfactors	 ﾠthat	 ﾠare	 ﾠ
downstream	 ﾠof	 ﾠthe	 ﾠinductive	 ﾠsignals	 ﾠhave	 ﾠbeen	 ﾠidentified,	 ﾠwhich	 ﾠspecify	 ﾠbroad	 ﾠ
regions	 ﾠof	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠas	 ﾠcompetent	 ﾠto	 ﾠadopt	 ﾠa	 ﾠneural	 ﾠfate.	 ﾠ	 ﾠThese	 ﾠinclude	 ﾠ
members	 ﾠof	 ﾠthe	 ﾠSox,	 ﾠPou,	 ﾠIroquois	 ﾠand	 ﾠGli	 ﾠfamily	 ﾠof	 ﾠproteins	 ﾠ(Sasai,	 ﾠ1998).	 ﾠ	 ﾠMost	 ﾠof	 ﾠ
these	 ﾠfactors	 ﾠare	 ﾠbelieved	 ﾠto	 ﾠact	 ﾠas	 ﾠtranscriptional	 ﾠactivators,	 ﾠsuch	 ﾠas	 ﾠIro1	 ﾠand	 ﾠIro7,	 ﾠ
which	 ﾠpromote	 ﾠexpression	 ﾠof	 ﾠproneural	 ﾠgenes	 ﾠin	 ﾠthe	 ﾠanterior	 ﾠzebrafish	 ﾠbrain	 ﾠ(Itoh	 ﾠet	 ﾠ
al.,	 ﾠ2002).	 ﾠ
After	 ﾠneural	 ﾠplate	 ﾠinduction,	 ﾠlarge-ﾭ‐scale	 ﾠspatial	 ﾠpatterning	 ﾠevents	 ﾠgenerate	 ﾠ
discrete	 ﾠneurogenic	 ﾠand	 ﾠnon-ﾭ‐neurogenic	 ﾠzones	 ﾠin	 ﾠthe	 ﾠembryo	 ﾠ(Figure	 ﾠ1-ﾭ‐3).	 ﾠ	 ﾠThis	 ﾠis	 ﾠ
controlled	 ﾠby	 ﾠseveral	 ﾠspatially	 ﾠrestricted	 ﾠinhibitory	 ﾠfactors	 ﾠthat	 ﾠprevent	 ﾠcells	 ﾠfrom	 ﾠ
embarking	 ﾠon	 ﾠa	 ﾠneurogenic	 ﾠfate.	 ﾠ	 ﾠThe	 ﾠanterior	 ﾠneural	 ﾠplate	 ﾠand	 ﾠmidbrain-ﾭ‐hindbrain	 ﾠ
boundary	 ﾠare	 ﾠtwo	 ﾠwell-ﾭ‐studied	 ﾠregions	 ﾠin	 ﾠwhich	 ﾠneurogenesis	 ﾠis	 ﾠinhibited	 ﾠin	 ﾠall	 ﾠ
vertebrates	 ﾠ(Bally-ﾭ‐Cuif	 ﾠand	 ﾠHammerschmidt,	 ﾠ2003).	 ﾠ	 ﾠThese	 ﾠcells	 ﾠare	 ﾠretained	 ﾠas	 ﾠ
slowly	 ﾠdividing	 ﾠprogenitors	 ﾠand	 ﾠare	 ﾠcharacterised	 ﾠby	 ﾠexpression	 ﾠof	 ﾠvarious	 ﾠ
transcription	 ﾠfactors	 ﾠsuch	 ﾠas	 ﾠNotch-ﾭ‐independent	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠHairy	 ﾠ/	 ﾠEnhancer	 ﾠof	 ﾠ
Split	 ﾠ(Hes/Her)	 ﾠfamilies	 ﾠ(Geling	 ﾠet	 ﾠal.,	 ﾠ2003),	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠzic	 ﾠgene	 ﾠfamily	 ﾠ
(Brewster	 ﾠet	 ﾠal.,	 ﾠ1998),	 ﾠor	 ﾠforkhead	 ﾠdomain	 ﾠtranscription	 ﾠfactors	 ﾠ(Bourguignon	 ﾠet	 ﾠal.,	 ﾠ
1998,	 ﾠHardcastle	 ﾠand	 ﾠPapalopulu,	 ﾠ2000),	 ﾠwhich	 ﾠfunction	 ﾠto	 ﾠdefine	 ﾠdomains	 ﾠof	 ﾠ
neurogenesis	 ﾠ(Stigloher	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
bHLH	 ﾠtranscription	 ﾠfactors	 ﾠinvolved	 ﾠin	 ﾠpromoting	 ﾠneurogenesis	 ﾠ
Both	 ﾠthe	 ﾠspecification	 ﾠof	 ﾠcompetent	 ﾠcells	 ﾠand	 ﾠinitiation	 ﾠof	 ﾠneurogenesis	 ﾠrely	 ﾠ
on	 ﾠa	 ﾠgroup	 ﾠof	 ﾠbasic	 ﾠhelix-ﾭ‐loop-ﾭ‐helix	 ﾠ(bHLH)	 ﾠproneural	 ﾠtranscription	 ﾠfactors	 ﾠ(Bertrand	 ﾠ
et	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠAs	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐patterning	 ﾠof	 ﾠthe	 ﾠneural	 ﾠplate,	 ﾠneurogenesis	 ﾠis	 ﾠ
restricted	 ﾠto	 ﾠcell	 ﾠclusters	 ﾠdefined	 ﾠby	 ﾠthe	 ﾠexpression	 ﾠof	 ﾠproneural	 ﾠgenes,	 ﾠindicated	 ﾠin	 ﾠ
grey	 ﾠin	 ﾠFigure	 ﾠ1-ﾭ‐3.	 ﾠ	 ﾠTwo	 ﾠdistinct	 ﾠfamilies	 ﾠof	 ﾠproneural	 ﾠgenes	 ﾠexist	 ﾠin	 ﾠvertebrates:	 ﾠ
those	 ﾠsuch	 ﾠas	 ﾠascl1,	 ﾠwhich	 ﾠare	 ﾠrelated	 ﾠto	 ﾠthe	 ﾠDrosophila	 ﾠachaete-ﾭ‐scute	 ﾠgenes;	 ﾠand	 ﾠ
those	 ﾠrelated	 ﾠto	 ﾠDrosophila	 ﾠatonal	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠneurogenins	 ﾠ(neurog)	 ﾠ(Brunet	 ﾠand	 ﾠ
Ghysen,	 ﾠ1999).	 ﾠThese	 ﾠtranscription	 ﾠfactors	 ﾠspecifically	 ﾠbind	 ﾠDNA	 ﾠsequences	 ﾠ
containing	 ﾠthe	 ﾠE-ﾭ‐box	 ﾠmotif	 ﾠas	 ﾠheterodimeric	 ﾠcomplexes	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠubiquitously	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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expressed	 ﾠE	 ﾠproteins	 ﾠin	 ﾠboth	 ﾠvertebrates	 ﾠand	 ﾠinvertebrates	 ﾠ(Massari	 ﾠand	 ﾠMurre,	 ﾠ
2000).	 ﾠ	 ﾠIn	 ﾠvarious	 ﾠorganisms,	 ﾠectopic	 ﾠexpression	 ﾠof	 ﾠproneural	 ﾠgenes	 ﾠis	 ﾠsufficient	 ﾠto	 ﾠ
cause	 ﾠcells	 ﾠto	 ﾠupregulate	 ﾠpan-ﾭ‐neuronal	 ﾠgene	 ﾠexpression	 ﾠand	 ﾠadopt	 ﾠa	 ﾠneuronal	 ﾠfate.	 ﾠ
(Ma	 ﾠet	 ﾠal.,	 ﾠ1996,	 ﾠFarah	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠMizuguchi	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠ
A	 ﾠmember	 ﾠof	 ﾠthe	 ﾠhes	 ﾠfamily	 ﾠof	 ﾠbHLH	 ﾠgenes,	 ﾠhes6,	 ﾠhas	 ﾠa	 ﾠunique	 ﾠrole	 ﾠin	 ﾠ
promoting	 ﾠdifferentiation.	 ﾠ	 ﾠhes6	 ﾠexpression	 ﾠis	 ﾠindependent	 ﾠof	 ﾠNotch	 ﾠsignalling,	 ﾠ
described	 ﾠbelow,	 ﾠand	 ﾠis	 ﾠexpressed	 ﾠdownstream	 ﾠof	 ﾠproneural	 ﾠproteins	 ﾠ(Seo	 ﾠet	 ﾠal.,	 ﾠ
2007,	 ﾠKoyano-ﾭ‐Nakagawa	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠBae	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠDespite	 ﾠsharing	 ﾠstructural	 ﾠ
similarity	 ﾠwith	 ﾠother	 ﾠbHLH	 ﾠtranscription	 ﾠfactors,	 ﾠHes6	 ﾠis	 ﾠable	 ﾠto	 ﾠpromote	 ﾠneuronal	 ﾠ
differentiation	 ﾠwithout	 ﾠbinding	 ﾠDNA	 ﾠ(Koyano-ﾭ‐Nakagawa	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠBae	 ﾠet	 ﾠal.,	 ﾠ
2000).	 ﾠ	 ﾠInstead,	 ﾠthis	 ﾠprotein	 ﾠwas	 ﾠfound	 ﾠto	 ﾠinhibit	 ﾠthe	 ﾠactivity	 ﾠof	 ﾠthe	 ﾠinhibitory	 ﾠHes1	 ﾠ
protein	 ﾠat	 ﾠa	 ﾠpost-ﾭ‐translational	 ﾠlevel.	 ﾠ	 ﾠHes6	 ﾠtherefore	 ﾠmediates	 ﾠa	 ﾠpositive-ﾭ‐feedback	 ﾠ
loop	 ﾠwith	 ﾠthe	 ﾠproneural	 ﾠgenes	 ﾠto	 ﾠensure	 ﾠthe	 ﾠselected	 ﾠcells	 ﾠfollow	 ﾠtheir	 ﾠpath	 ﾠof	 ﾠ
differentiation.	 ﾠ	 ﾠ	 ﾠ
Pathway	 ﾠto	 ﾠdifferentiation	 ﾠ–	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠpromote	 ﾠneurogenesis,	 ﾠthe	 ﾠproneural	 ﾠgenes	 ﾠmust	 ﾠinitially	 ﾠinhibit	 ﾠ
expression	 ﾠof	 ﾠthe	 ﾠSoxB1	 ﾠfamily	 ﾠof	 ﾠgenes	 ﾠwhich,	 ﾠhaving	 ﾠbeen	 ﾠexpressed	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠ
neural	 ﾠinduction,	 ﾠhave	 ﾠfunctionally	 ﾠredundant	 ﾠroles	 ﾠin	 ﾠkeeping	 ﾠcells	 ﾠundifferentiated	 ﾠ
(Pevny	 ﾠand	 ﾠPlaczek,	 ﾠ2005).	 ﾠ	 ﾠProneural	 ﾠproteins	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠdo	 ﾠthis	 ﾠby	 ﾠ
upregulating	 ﾠexpression	 ﾠof	 ﾠanother	 ﾠSox	 ﾠgene,	 ﾠsox21,	 ﾠwhich	 ﾠcounteracts	 ﾠthe	 ﾠactivity	 ﾠ
of	 ﾠthe	 ﾠSoxB1	 ﾠfamily	 ﾠ(Sandberg	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠ	 ﾠ
Expression	 ﾠof	 ﾠthe	 ﾠproneural	 ﾠgenes,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠneurogenins,	 ﾠis	 ﾠtransient	 ﾠand	 ﾠ
does	 ﾠnot	 ﾠoverlap	 ﾠwith	 ﾠmarkers	 ﾠof	 ﾠterminally	 ﾠdifferentiated	 ﾠneurons	 ﾠ(Ma	 ﾠet	 ﾠal.,	 ﾠ1996,	 ﾠ
Gradwohl	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠ	 ﾠ	 ﾠThe	 ﾠability	 ﾠof	 ﾠthese	 ﾠproneural	 ﾠgenes	 ﾠto	 ﾠinduce	 ﾠneural	 ﾠ
differentiation	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠinvolve	 ﾠsubsequent	 ﾠevents	 ﾠthat	 ﾠrequire	 ﾠactivation	 ﾠ
of	 ﾠdownstream	 ﾠregulatory	 ﾠgenes	 ﾠ(Bertrand	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠ	 ﾠ
Many	 ﾠof	 ﾠthe	 ﾠgenes	 ﾠdownstream	 ﾠof	 ﾠthese	 ﾠearly	 ﾠproneural	 ﾠgenes	 ﾠare	 ﾠ
structurally-ﾭ‐	 ﾠand	 ﾠfunctionally-ﾭ‐related	 ﾠbHLH	 ﾠgenes,	 ﾠwhich	 ﾠthemselves	 ﾠare	 ﾠtransiently	 ﾠ
expressed	 ﾠand	 ﾠpartially	 ﾠoverlap	 ﾠat	 ﾠsuccessive	 ﾠstages	 ﾠof	 ﾠdifferentiation	 ﾠ(Perron	 ﾠet	 ﾠal.,	 ﾠ
1998,	 ﾠLee	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠThe	 ﾠsequential	 ﾠexpression	 ﾠis	 ﾠunidirectional	 ﾠ(Ma	 ﾠet	 ﾠal.,	 ﾠ1996)	 ﾠ
and	 ﾠis	 ﾠreminiscent	 ﾠof	 ﾠsimilar	 ﾠcascades	 ﾠoccurring	 ﾠfor	 ﾠbHLH	 ﾠproteins	 ﾠin	 ﾠmuscle	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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development	 ﾠ(Jan	 ﾠand	 ﾠJan,	 ﾠ1993).	 ﾠ	 ﾠIn	 ﾠvertebrates,	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠNeuroD	 ﾠfamily	 ﾠof	 ﾠ
proteins	 ﾠfunction	 ﾠas	 ﾠpart	 ﾠof	 ﾠthis	 ﾠcascade	 ﾠand	 ﾠhave	 ﾠthe	 ﾠcapacity	 ﾠto	 ﾠpromote	 ﾠneuronal	 ﾠ
differentiation	 ﾠwhen	 ﾠectopically	 ﾠexpressed	 ﾠ(Lee	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠneurod4	 ﾠ(also	 ﾠknown	 ﾠ
as	 ﾠzath3	 ﾠor	 ﾠneurom)	 ﾠand	 ﾠneurod	 ﾠare	 ﾠexpressed	 ﾠsequentially	 ﾠin	 ﾠcells	 ﾠlining	 ﾠthe	 ﾠ
ventricular	 ﾠzone	 ﾠthat	 ﾠhave	 ﾠexited	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠand	 ﾠare	 ﾠbeginning	 ﾠto	 ﾠmigrate	 ﾠto	 ﾠtheir	 ﾠ
final	 ﾠposition	 ﾠ(Roztocil	 ﾠet	 ﾠal.,	 ﾠ1997,	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠThese	 ﾠgenes	 ﾠare	 ﾠknown	 ﾠto	 ﾠbe	 ﾠ
direct	 ﾠtranscriptional	 ﾠtargets	 ﾠof	 ﾠthe	 ﾠNeurogenins	 ﾠ(Seo	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠand	 ﾠcan	 ﾠcross-ﾭ‐
activate	 ﾠeach	 ﾠother	 ﾠbut	 ﾠcannot	 ﾠactivate	 ﾠexpression	 ﾠof	 ﾠneurogenin	 ﾠ(Perron	 ﾠet	 ﾠal.,	 ﾠ
1999).	 ﾠ	 ﾠThe	 ﾠonset	 ﾠof	 ﾠneuronal	 ﾠdifferentiation	 ﾠalso	 ﾠresults	 ﾠin	 ﾠthe	 ﾠupregulation	 ﾠof	 ﾠthe	 ﾠ
delta	 ﾠgenes	 ﾠ(Haddon	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠ
Following	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠproneural	 ﾠgenes,	 ﾠpostmitotic	 ﾠneurons	 ﾠexpress	 ﾠ
genes	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠRNA-ﾭ‐binding	 ﾠproteins	 ﾠof	 ﾠthe	 ﾠHu	 ﾠfamily,	 ﾠwhich	 ﾠcan	 ﾠbe	 ﾠused	 ﾠas	 ﾠa	 ﾠpan	 ﾠ
neuronal	 ﾠmarker	 ﾠ(Kim	 ﾠet	 ﾠal.,	 ﾠ1996a,	 ﾠKim	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠThese	 ﾠproteins	 ﾠpromote	 ﾠ
neuronal	 ﾠmaturation	 ﾠby	 ﾠoperating	 ﾠon	 ﾠseveral	 ﾠdownstream	 ﾠtargets,	 ﾠacting	 ﾠboth	 ﾠto	 ﾠ
increase	 ﾠthe	 ﾠstability	 ﾠof	 ﾠmRNA	 ﾠmolecules	 ﾠand	 ﾠto	 ﾠpromote	 ﾠprotein	 ﾠsynthesis	 ﾠ(Pascale	 ﾠ
et	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
bHLH	 ﾠtranscription	 ﾠfactors	 ﾠinvolved	 ﾠin	 ﾠinhibiting	 ﾠneurogenesis	 ﾠ
Not	 ﾠall	 ﾠbHLH	 ﾠgenes	 ﾠhave	 ﾠa	 ﾠrole	 ﾠin	 ﾠinducing	 ﾠneuronal	 ﾠdifferentiation.	 ﾠ	 ﾠThere	 ﾠ
exists	 ﾠa	 ﾠset	 ﾠof	 ﾠbHLH	 ﾠgenes	 ﾠthat	 ﾠfunction	 ﾠas	 ﾠinhibitory	 ﾠtranscription	 ﾠfactors,	 ﾠincluding	 ﾠ
hes1,	 ﾠhes3	 ﾠand	 ﾠhes5	 ﾠthat	 ﾠare	 ﾠhomologues	 ﾠof	 ﾠthe	 ﾠDrosophila	 ﾠhairy	 ﾠand	 ﾠEnhancer	 ﾠof	 ﾠ
split	 ﾠgenes	 ﾠand	 ﾠare	 ﾠable	 ﾠto	 ﾠrepress	 ﾠneuronal	 ﾠdifferentiation	 ﾠ(Kageyama	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠ
Members	 ﾠof	 ﾠthis	 ﾠclass	 ﾠof	 ﾠbHLH	 ﾠtranscription	 ﾠfactors	 ﾠbind	 ﾠto	 ﾠtarget	 ﾠgenes	 ﾠsuch	 ﾠas	 ﾠ
ascl1	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠcorepressor	 ﾠGro/TLE,	 ﾠhomologous	 ﾠto	 ﾠDrosophila	 ﾠGroucho,	 ﾠand	 ﾠ
repress	 ﾠtheir	 ﾠtranscription	 ﾠ(Grbavec	 ﾠand	 ﾠStifani,	 ﾠ1996,	 ﾠChen	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠA	 ﾠsecond	 ﾠ
method	 ﾠby	 ﾠwhich	 ﾠthe	 ﾠHes	 ﾠproteins	 ﾠprevent	 ﾠdifferentiation	 ﾠis	 ﾠby	 ﾠcompeting	 ﾠwith	 ﾠthe	 ﾠ
proneural	 ﾠproteins	 ﾠfor	 ﾠthe	 ﾠE	 ﾠproteins	 ﾠ(Sasai	 ﾠet	 ﾠal.,	 ﾠ1992).	 ﾠ	 ﾠHes	 ﾠproteins	 ﾠform	 ﾠa	 ﾠnon-ﾭ‐
functional	 ﾠheterodimer	 ﾠwith	 ﾠthe	 ﾠE	 ﾠproteins	 ﾠand	 ﾠtherefore	 ﾠprevent	 ﾠthe	 ﾠproneural	 ﾠ
transcription	 ﾠfactors	 ﾠfrom	 ﾠinducing	 ﾠneurogenesis.	 ﾠ
Keeping	 ﾠcells	 ﾠundifferentiated	 ﾠ–	 ﾠNotch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition	 ﾠ
In	 ﾠdifferentiating	 ﾠneurons,	 ﾠproneural	 ﾠfactors	 ﾠdrive	 ﾠthe	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠ
transmembrane	 ﾠligands	 ﾠDelta	 ﾠor	 ﾠSerrate,	 ﾠwhich	 ﾠare	 ﾠable	 ﾠto	 ﾠbind	 ﾠand	 ﾠactivate	 ﾠthe	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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Notch	 ﾠreceptor	 ﾠon	 ﾠadjacent	 ﾠcells	 ﾠthrough	 ﾠdirect	 ﾠcontact	 ﾠ(Bray,	 ﾠ2006).	 ﾠ	 ﾠBinding	 ﾠof	 ﾠthe	 ﾠ
ligand	 ﾠresults	 ﾠin	 ﾠthe	 ﾠγ-ﾭ‐secretase	 ﾠenzyme	 ﾠcleaving	 ﾠthe	 ﾠNotch	 ﾠintracellular	 ﾠdomain.	 ﾠ	 ﾠ
Release	 ﾠof	 ﾠthis	 ﾠintracellular	 ﾠdomain	 ﾠcauses	 ﾠit	 ﾠto	 ﾠtranslocate	 ﾠto	 ﾠthe	 ﾠnucleus	 ﾠwhere	 ﾠit	 ﾠ
forms	 ﾠa	 ﾠcomplex	 ﾠwith	 ﾠthe	 ﾠsuppressor	 ﾠof	 ﾠhairless	 ﾠprotein,	 ﾠor	 ﾠits	 ﾠvertebrate	 ﾠhomologue	 ﾠ
RBPj,	 ﾠaltering	 ﾠits	 ﾠfunction	 ﾠfrom	 ﾠa	 ﾠtranscriptional	 ﾠrepressor	 ﾠto	 ﾠan	 ﾠactivator	 ﾠof	 ﾠthe	 ﾠ
inhibitory	 ﾠhes	 ﾠgenes	 ﾠ(Kageyama	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠThis	 ﾠmechanism	 ﾠis	 ﾠknown	 ﾠas	 ﾠlateral	 ﾠ
inhibition	 ﾠand	 ﾠallows	 ﾠselected	 ﾠcells	 ﾠto	 ﾠindirectly	 ﾠpositively	 ﾠregulate	 ﾠtheir	 ﾠown	 ﾠ
proneural	 ﾠgene	 ﾠexpression	 ﾠand	 ﾠprevent	 ﾠsurrounding	 ﾠcells	 ﾠfrom	 ﾠadopting	 ﾠthe	 ﾠsame	 ﾠ
fate	 ﾠ(Figure	 ﾠ1-ﾭ‐4a).	 ﾠ
The	 ﾠimportance	 ﾠof	 ﾠNotch	 ﾠsignalling	 ﾠin	 ﾠgenerating	 ﾠthe	 ﾠcorrect	 ﾠnumber	 ﾠand	 ﾠ
variety	 ﾠof	 ﾠneurons	 ﾠhas	 ﾠbeen	 ﾠdemonstrated	 ﾠin	 ﾠnumerous	 ﾠorganisms.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠmouse	 ﾠ
CNS,	 ﾠinactivation	 ﾠof	 ﾠthe	 ﾠ3	 ﾠmajor	 ﾠNotch-ﾭ‐dependent	 ﾠHes	 ﾠgenes:	 ﾠHes1,	 ﾠHes3	 ﾠand	 ﾠHes5,	 ﾠ
causes	 ﾠpremature	 ﾠneuronal	 ﾠdifferentiation	 ﾠresulting	 ﾠin	 ﾠthe	 ﾠdepletion	 ﾠof	 ﾠprogenitor	 ﾠ
cells	 ﾠ(Hatakeyama	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠThey	 ﾠshow	 ﾠthat	 ﾠthese	 ﾠproteins	 ﾠdo	 ﾠnot	 ﾠaffect	 ﾠthe	 ﾠ
initial	 ﾠformation	 ﾠof	 ﾠneural	 ﾠepithelial	 ﾠcells,	 ﾠbut	 ﾠrather	 ﾠhave	 ﾠan	 ﾠintegral	 ﾠrole	 ﾠin	 ﾠtheir	 ﾠ
maintenance.	 ﾠ	 ﾠAbolishing	 ﾠlateral	 ﾠinhibition	 ﾠthrough	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠa	 ﾠchemical	 ﾠ
blocker	 ﾠof	 ﾠNotch	 ﾠactivation	 ﾠresults	 ﾠin	 ﾠa	 ﾠsignificant	 ﾠincrease	 ﾠin	 ﾠearly-ﾭ‐born	 ﾠneurons	 ﾠ
(Geling	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ
The	 ﾠclassical	 ﾠunderstanding	 ﾠof	 ﾠlateral	 ﾠinhibition	 ﾠcame	 ﾠfrom	 ﾠstudies	 ﾠin	 ﾠthe	 ﾠ
Drosophila	 ﾠnervous	 ﾠsystem	 ﾠwhere	 ﾠproneural	 ﾠgenes	 ﾠare	 ﾠexpressed	 ﾠin	 ﾠclusters	 ﾠof	 ﾠ
undifferentiated	 ﾠectodermal	 ﾠcells	 ﾠ(Artavanis-ﾭ‐Tsakonas	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠThe	 ﾠmodel	 ﾠ
assumes	 ﾠall	 ﾠcells	 ﾠare	 ﾠequivalent	 ﾠat	 ﾠfirst	 ﾠbut	 ﾠstochastic	 ﾠdifferences	 ﾠin	 ﾠlevels	 ﾠof	 ﾠ
proneural	 ﾠgene	 ﾠexpression	 ﾠarise	 ﾠand	 ﾠresult	 ﾠin	 ﾠa	 ﾠ‘salt	 ﾠand	 ﾠpepper’	 ﾠpattern,	 ﾠwhere	 ﾠ
undifferentiated	 ﾠcells	 ﾠsurround	 ﾠcells	 ﾠexhibiting	 ﾠhigh	 ﾠproneural	 ﾠgene	 ﾠexpression.	 ﾠ	 ﾠ
Lateral	 ﾠinhibition	 ﾠamplifies	 ﾠproneural	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠcommitted	 ﾠcell	 ﾠuntil	 ﾠit	 ﾠ
reaches	 ﾠthe	 ﾠthreshold	 ﾠrequired	 ﾠto	 ﾠdifferentiate,	 ﾠat	 ﾠwhich	 ﾠpoint	 ﾠit	 ﾠdelaminates	 ﾠfrom	 ﾠ
the	 ﾠsurrounding	 ﾠectoderm,	 ﾠrelieving	 ﾠthe	 ﾠinhibition	 ﾠon	 ﾠsurrounding	 ﾠcells	 ﾠand	 ﾠa	 ﾠnew	 ﾠ
cell	 ﾠis	 ﾠable	 ﾠto	 ﾠstart	 ﾠthe	 ﾠprocess	 ﾠof	 ﾠlateral	 ﾠinhibition	 ﾠagain	 ﾠ(Figure	 ﾠ1-ﾭ‐4c).	 ﾠ	 ﾠ	 ﾠ
A	 ﾠsimilar	 ﾠexpression	 ﾠpattern	 ﾠwas	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠvertebrate	 ﾠnervous	 ﾠ
system,	 ﾠleading	 ﾠto	 ﾠthe	 ﾠhypothesis	 ﾠthat	 ﾠthe	 ﾠsame	 ﾠprocesses	 ﾠwere	 ﾠinvolved	 ﾠ(Chitnis	 ﾠet	 ﾠ
al.,	 ﾠ1995).	 ﾠ	 ﾠThis	 ﾠmodel	 ﾠhas	 ﾠrecently	 ﾠbeen	 ﾠchallenged	 ﾠby	 ﾠstudies	 ﾠsuggesting	 ﾠthat	 ﾠ
proneural	 ﾠgene	 ﾠexpression	 ﾠis	 ﾠmore	 ﾠdynamic	 ﾠthan	 ﾠpreviously	 ﾠrealised.	 ﾠ	 ﾠReal-ﾭ‐time	 ﾠChapter	 ﾠ1:	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imaging	 ﾠof	 ﾠneural	 ﾠprogenitors	 ﾠhas	 ﾠrevealed	 ﾠthat	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠhes1	 ﾠtranscript	 ﾠ
and	 ﾠprotein	 ﾠoscillates	 ﾠin	 ﾠindividual,	 ﾠproliferating	 ﾠcells	 ﾠ(Shimojo	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠthese	 ﾠ
same	 ﾠcells,	 ﾠthe	 ﾠproneural	 ﾠgene	 ﾠneurog2	 ﾠand	 ﾠNotch	 ﾠligand	 ﾠdelta-ﾭ‐like	 ﾠ1	 ﾠoscillate	 ﾠwith	 ﾠ
an	 ﾠinverse	 ﾠcorrelation	 ﾠto	 ﾠthat	 ﾠof	 ﾠhes1	 ﾠ(Shimojo	 ﾠet	 ﾠal.,	 ﾠ2008,	 ﾠImayoshi	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠ
These	 ﾠresults	 ﾠargue	 ﾠthat	 ﾠthe	 ﾠ‘salt	 ﾠand	 ﾠpepper’	 ﾠpattern	 ﾠobserved	 ﾠis	 ﾠdue	 ﾠto	 ﾠthese	 ﾠ
dynamic	 ﾠchanges	 ﾠin	 ﾠexpression,	 ﾠrather	 ﾠthan	 ﾠdue	 ﾠto	 ﾠthe	 ﾠamplification	 ﾠof	 ﾠstochastic	 ﾠ
differences.	 ﾠ	 ﾠThese	 ﾠoscillations	 ﾠare	 ﾠessential	 ﾠfor	 ﾠmaintaining	 ﾠcells	 ﾠin	 ﾠa	 ﾠproliferative	 ﾠ
state	 ﾠ(Imayoshi	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠand	 ﾠonce	 ﾠdifferentiated,	 ﾠHes1	 ﾠexpression	 ﾠdisappears	 ﾠand	 ﾠ
proneural	 ﾠgene	 ﾠexpression	 ﾠbecomes	 ﾠsustained.	 ﾠ	 ﾠThese	 ﾠoscillations	 ﾠwere	 ﾠnot	 ﾠobserved	 ﾠ
at	 ﾠnon-ﾭ‐neurogenic	 ﾠboundary	 ﾠregions,	 ﾠwhere	 ﾠHes1	 ﾠexpression	 ﾠwas	 ﾠstable	 ﾠand	 ﾠat	 ﾠhigh	 ﾠ
levels	 ﾠ(Shimojo	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ
Hes1	 ﾠis	 ﾠable	 ﾠto	 ﾠrepress	 ﾠits	 ﾠown	 ﾠtranscription	 ﾠby	 ﾠdirectly	 ﾠbinding	 ﾠto	 ﾠits	 ﾠ
promoter,	 ﾠwhich,	 ﾠcombined	 ﾠwith	 ﾠthe	 ﾠrelatively	 ﾠshort	 ﾠhalf-ﾭ‐life	 ﾠof	 ﾠthe	 ﾠprotein	 ﾠand	 ﾠ
mRNA,	 ﾠresults	 ﾠin	 ﾠthe	 ﾠoscillatory	 ﾠexpression	 ﾠ(Hirata	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠThe	 ﾠmicroRNA	 ﾠmiR-ﾭ‐9	 ﾠ
has	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠplay	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠboth	 ﾠthe	 ﾠmaintenance	 ﾠand	 ﾠtermination	 ﾠ
of	 ﾠthese	 ﾠoscillations	 ﾠ(Bonev	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠGoodfellow	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠThe	 ﾠprimary	 ﾠmiR-ﾭ‐9	 ﾠ
transcript	 ﾠ(pri-ﾭ‐miR-ﾭ‐9)	 ﾠoscillates	 ﾠout	 ﾠof	 ﾠphase	 ﾠwith	 ﾠHes1	 ﾠdue	 ﾠto	 ﾠmutual	 ﾠrepression	 ﾠof	 ﾠ
the	 ﾠtwo	 ﾠcomponents,	 ﾠbut	 ﾠthe	 ﾠmature	 ﾠversion	 ﾠof	 ﾠthe	 ﾠmicroRNA	 ﾠis	 ﾠhighly	 ﾠstable	 ﾠand	 ﾠ
accumulates	 ﾠover	 ﾠtime.	 ﾠ	 ﾠThis	 ﾠpresents	 ﾠa	 ﾠmodel	 ﾠwhereby	 ﾠthere	 ﾠis	 ﾠa	 ﾠgradual	 ﾠincrease	 ﾠin	 ﾠ
mature	 ﾠmiR-ﾭ‐9	 ﾠas	 ﾠthe	 ﾠcells	 ﾠoscillate,	 ﾠeventually	 ﾠreaching	 ﾠa	 ﾠcritical	 ﾠlevel	 ﾠthat	 ﾠallows	 ﾠ
differentiation	 ﾠinto	 ﾠneurons	 ﾠ(Bonev	 ﾠet	 ﾠal.,	 ﾠ2012)	 ﾠ(Figure	 ﾠ1-ﾭ‐4b).	 ﾠ	 ﾠFurthermore,	 ﾠthis	 ﾠ
model	 ﾠalso	 ﾠprovides	 ﾠa	 ﾠmechanism	 ﾠby	 ﾠwhich	 ﾠthe	 ﾠprogenitor	 ﾠcells	 ﾠcan	 ﾠswitch	 ﾠbetween	 ﾠ
different	 ﾠstates,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠslowly	 ﾠdividing	 ﾠprogenitors	 ﾠin	 ﾠregions	 ﾠthat	 ﾠinclude	 ﾠthe	 ﾠ
midbrain-ﾭ‐hindbrain	 ﾠboundary,	 ﾠand	 ﾠcells	 ﾠactively	 ﾠundergoing	 ﾠneurogenesis	 ﾠ
(Goodfellow	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠThe	 ﾠrevised	 ﾠmodel	 ﾠof	 ﾠlateral	 ﾠinhibition	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ
1-ﾭ‐4d.	 ﾠ
Several	 ﾠlines	 ﾠof	 ﾠevidence	 ﾠindicate	 ﾠthat	 ﾠendocytosis	 ﾠof	 ﾠthe	 ﾠNotch	 ﾠligands	 ﾠis	 ﾠ
essential	 ﾠfor	 ﾠcorrect	 ﾠreceptor	 ﾠactivation.	 ﾠ	 ﾠUbiquitin	 ﾠligases	 ﾠsuch	 ﾠas	 ﾠMind	 ﾠbomb	 ﾠhave	 ﾠ
been	 ﾠidentified	 ﾠas	 ﾠbeing	 ﾠkey	 ﾠregulators	 ﾠof	 ﾠligand	 ﾠsignalling	 ﾠactivity.	 ﾠ	 ﾠThe	 ﾠzebrafish	 ﾠ
mutant	 ﾠfor	 ﾠMind	 ﾠbomb	 ﾠdisplays	 ﾠa	 ﾠdramatic	 ﾠneurogenic	 ﾠphenotype	 ﾠwhere	 ﾠprogenitors	 ﾠ
differentiate	 ﾠprematurely	 ﾠwithout	 ﾠgiving	 ﾠrise	 ﾠto	 ﾠthe	 ﾠfull	 ﾠspectrum	 ﾠand	 ﾠnumber	 ﾠof	 ﾠ
neurons	 ﾠand	 ﾠglia	 ﾠ(Itoh	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	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Figure	 ﾠ1-ﾭ‐4:	 ﾠNotch	 ﾠsignalling	 ﾠduring	 ﾠneurogenesis	 ﾠ
a:	 ﾠOverview	 ﾠof	 ﾠNotch	 ﾠsignalling	 ﾠin	 ﾠvertebrates.	 ﾠ	 ﾠProneural	 ﾠfactors	 ﾠAscl1	 ﾠand	 ﾠNeurog2	 ﾠ
induce	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠcell	 ﾠsurface	 ﾠNotch	 ﾠligand	 ﾠDelta-ﾭ‐like	 ﾠ1.	 ﾠ	 ﾠThis	 ﾠcell	 ﾠinteracts	 ﾠ
with	 ﾠand	 ﾠactivates	 ﾠNotch,	 ﾠexpressed	 ﾠon	 ﾠthe	 ﾠsurface	 ﾠof	 ﾠa	 ﾠneighbouring	 ﾠcell.	 ﾠ	 ﾠActivation	 ﾠ
of	 ﾠNotch	 ﾠresults	 ﾠin	 ﾠthe	 ﾠrelease	 ﾠof	 ﾠthe	 ﾠintracellular	 ﾠdomain	 ﾠ(NICD),	 ﾠwhich	 ﾠis	 ﾠ
transported	 ﾠto	 ﾠthe	 ﾠnucleus	 ﾠwhere	 ﾠit	 ﾠforms	 ﾠa	 ﾠcomplex	 ﾠwith	 ﾠRBP-ﾭ‐J.	 ﾠ	 ﾠThis	 ﾠcomplex	 ﾠdrives	 ﾠ
expression	 ﾠof	 ﾠthe	 ﾠinhibitory	 ﾠhes	 ﾠgenes,	 ﾠhes1	 ﾠand	 ﾠhes3,	 ﾠwhich	 ﾠprevent	 ﾠexpression	 ﾠof	 ﾠ
proneural	 ﾠgenes	 ﾠthrough	 ﾠtranscriptional	 ﾠand	 ﾠpost-ﾭ‐translational	 ﾠmechanisms	 ﾠas	 ﾠ
described	 ﾠin	 ﾠthe	 ﾠtext.	 ﾠ	 ﾠFigure	 ﾠadapted	 ﾠfrom	 ﾠKageyama	 ﾠet	 ﾠal.	 ﾠ(2008).	 ﾠ	 ﾠ	 ﾠ
b:	 ﾠOscillatory	 ﾠdynamics	 ﾠof	 ﾠNotch	 ﾠcomponents	 ﾠwithin	 ﾠa	 ﾠsingle	 ﾠprogenitor	 ﾠcell.	 ﾠ	 ﾠ
Expression	 ﾠof	 ﾠNeurog2,	 ﾠDelta-ﾭ‐like	 ﾠ1	 ﾠand	 ﾠpri-ﾭ‐miR9	 ﾠoscillate	 ﾠout	 ﾠof	 ﾠphase	 ﾠwith	 ﾠHes1	 ﾠ
due	 ﾠto	 ﾠrepressive	 ﾠmechanisms	 ﾠbetween	 ﾠthe	 ﾠvarious	 ﾠcomponents.	 ﾠ	 ﾠMature	 ﾠmiR-ﾭ‐9	 ﾠis	 ﾠ
not	 ﾠaffected	 ﾠand	 ﾠaccumulates	 ﾠover	 ﾠtime.	 ﾠ	 ﾠThe	 ﾠcell	 ﾠdifferentiates	 ﾠupon	 ﾠreaching	 ﾠa	 ﾠ
threshold	 ﾠof	 ﾠmature	 ﾠmiR-ﾭ‐9	 ﾠexpression,	 ﾠat	 ﾠwhich	 ﾠpoint	 ﾠoscillations	 ﾠstop	 ﾠand	 ﾠ
expression	 ﾠof	 ﾠHes1	 ﾠremains	 ﾠlow	 ﾠand	 ﾠDelta-ﾭ‐like	 ﾠ1	 ﾠand	 ﾠNeurog2	 ﾠremain	 ﾠhigh.	 ﾠFigure	 ﾠ
adapted	 ﾠfrom	 ﾠShimojo	 ﾠet	 ﾠal.	 ﾠ(2008)	 ﾠand	 ﾠBonev	 ﾠet	 ﾠal.	 ﾠ(2012).	 ﾠ
c	 ﾠ&	 ﾠd:	 ﾠCartoon	 ﾠshowing	 ﾠclassical	 ﾠ(c)	 ﾠunderstanding	 ﾠof	 ﾠlateral	 ﾠinhibition	 ﾠand	 ﾠrevised	 ﾠ
(d)	 ﾠview	 ﾠwith	 ﾠthe	 ﾠdynamic	 ﾠexpression	 ﾠfactored	 ﾠin.	 ﾠ	 ﾠClassically,	 ﾠwithin	 ﾠa	 ﾠfield	 ﾠof	 ﾠ
equipotent	 ﾠcells,	 ﾠstochastic	 ﾠdifferences	 ﾠin	 ﾠproneural	 ﾠexpression	 ﾠresult	 ﾠin	 ﾠone	 ﾠcell	 ﾠ
(orange)	 ﾠhaving	 ﾠhigher	 ﾠlevels	 ﾠthan	 ﾠsurrounding	 ﾠcells.	 ﾠ	 ﾠLateral	 ﾠinhibition	 ﾠamplifies	 ﾠthis	 ﾠ
expression	 ﾠresulting	 ﾠin	 ﾠthis	 ﾠcell	 ﾠdelaminating	 ﾠfrom	 ﾠthe	 ﾠepithelium	 ﾠand	 ﾠadopting	 ﾠa	 ﾠ
neuronal	 ﾠfate	 ﾠ(red).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠrevised	 ﾠview,	 ﾠthe	 ﾠsalt	 ﾠand	 ﾠpepper	 ﾠpattern	 ﾠof	 ﾠproneural	 ﾠ
gene	 ﾠexpression	 ﾠchanges	 ﾠdynamically.	 ﾠ	 ﾠThis	 ﾠmeans	 ﾠthat	 ﾠexpression	 ﾠof	 ﾠproneural	 ﾠgene	 ﾠ
at	 ﾠa	 ﾠgiven	 ﾠpoint	 ﾠin	 ﾠtime	 ﾠdoes	 ﾠnot	 ﾠnecessarily	 ﾠmean	 ﾠthat	 ﾠthis	 ﾠcell	 ﾠwill	 ﾠgo	 ﾠonto	 ﾠ
differentiate.	 ﾠ	 ﾠFigure	 ﾠadapted	 ﾠfrom	 ﾠShimojo	 ﾠet	 ﾠal.	 ﾠ(2008).	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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Members	 ﾠof	 ﾠthe	 ﾠFringe	 ﾠfamily	 ﾠof	 ﾠproteins	 ﾠhave	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠ
glycosylation	 ﾠof	 ﾠthe	 ﾠNotch	 ﾠreceptor,	 ﾠwhich	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠalter	 ﾠthe	 ﾠaffinity	 ﾠof	 ﾠ
Notch	 ﾠbinding	 ﾠto	 ﾠits	 ﾠligands	 ﾠ(Moloney	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠStudies	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠhave	 ﾠ
shown	 ﾠthat	 ﾠone	 ﾠof	 ﾠthe	 ﾠfringe	 ﾠproteins,	 ﾠLunatic	 ﾠfringe,	 ﾠis	 ﾠdownstream	 ﾠof	 ﾠproneural	 ﾠ
gene	 ﾠexpression	 ﾠand	 ﾠacts	 ﾠto	 ﾠmaintain	 ﾠsensitivity	 ﾠto	 ﾠlateral	 ﾠinhibition	 ﾠ(Nikolaou	 ﾠet	 ﾠal.,	 ﾠ
2009).	 ﾠ
Balance	 ﾠbetween	 ﾠproliferation	 ﾠand	 ﾠdifferentiation	 ﾠ
Cell	 ﾠcycle	 ﾠprogression	 ﾠand	 ﾠcell	 ﾠdifferentiation	 ﾠare	 ﾠhighly	 ﾠinterdependent	 ﾠand	 ﾠ
careful	 ﾠcoordination	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠprocesses	 ﾠis	 ﾠessential	 ﾠin	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠa	 ﾠ
functional	 ﾠnervous	 ﾠsystem.	 ﾠ	 ﾠThe	 ﾠtransition	 ﾠfrom	 ﾠproliferating	 ﾠneural	 ﾠprogenitors	 ﾠto	 ﾠ
post-ﾭ‐mitotic	 ﾠcells	 ﾠis	 ﾠaccompanied	 ﾠby	 ﾠa	 ﾠlengthening	 ﾠof	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠand	 ﾠinvolves	 ﾠ
crosstalk	 ﾠbetween	 ﾠproneural	 ﾠfactors	 ﾠand	 ﾠcell	 ﾠcycle	 ﾠregulators	 ﾠ(Bertrand	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠ
Studies	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠartificially	 ﾠshortening	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠacts	 ﾠto	 ﾠdelay	 ﾠ
neurogenesis	 ﾠand	 ﾠincrease	 ﾠthe	 ﾠexpansion	 ﾠof	 ﾠprogenitor	 ﾠcells	 ﾠ(Lange	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠ
During	 ﾠproliferation,	 ﾠcyclin-ﾭ‐mediated	 ﾠphosphorylation	 ﾠof	 ﾠthe	 ﾠproneural	 ﾠprotein	 ﾠ
Neurog2	 ﾠinhibits	 ﾠits	 ﾠability	 ﾠto	 ﾠbind	 ﾠDNA,	 ﾠwhilst	 ﾠcell	 ﾠcycle	 ﾠlengthening	 ﾠpermits	 ﾠan	 ﾠ
accumulation	 ﾠof	 ﾠthe	 ﾠunmodified	 ﾠprotein	 ﾠresulting	 ﾠin	 ﾠactivation	 ﾠof	 ﾠdownstream	 ﾠ
targets	 ﾠand	 ﾠcell	 ﾠdifferentiation	 ﾠ(Ali	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
As	 ﾠpreviously	 ﾠdescribed,	 ﾠthe	 ﾠdynamics	 ﾠof	 ﾠinterkinetic	 ﾠnuclear	 ﾠmigration	 ﾠis	 ﾠ
known	 ﾠto	 ﾠcorrelate	 ﾠwith	 ﾠcell	 ﾠcycle	 ﾠprogression.	 ﾠ	 ﾠExperiments	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠretina	 ﾠ
have	 ﾠrevealed	 ﾠthat	 ﾠif	 ﾠthis	 ﾠmigration	 ﾠis	 ﾠperturbed,	 ﾠthen	 ﾠpremature	 ﾠdifferentiation	 ﾠ
occurs	 ﾠthe	 ﾠexpense	 ﾠof	 ﾠlater-ﾭ‐born	 ﾠinterneurons	 ﾠand	 ﾠglia	 ﾠ(Del	 ﾠBene	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThe	 ﾠ
Foxg1	 ﾠ(XBF-ﾭ‐1)	 ﾠtranscription	 ﾠfactor	 ﾠinvolved	 ﾠin	 ﾠsetting	 ﾠup	 ﾠthe	 ﾠspatial	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠ
neural	 ﾠplate	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠregulating	 ﾠproliferation,	 ﾠseparate	 ﾠto	 ﾠits	 ﾠrole	 ﾠin	 ﾠneural	 ﾠcell	 ﾠ
fate	 ﾠspecification	 ﾠ(Hardcastle	 ﾠand	 ﾠPapalopulu,	 ﾠ2000).	 ﾠ	 ﾠThe	 ﾠauthors	 ﾠfind	 ﾠthat	 ﾠlow	 ﾠ
levels	 ﾠof	 ﾠFoxg1	 ﾠexpression	 ﾠis	 ﾠable	 ﾠto	 ﾠinduce	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠinhibitor	 ﾠ
p27
XIC1	 ﾠand	 ﾠcause	 ﾠcell	 ﾠcycle	 ﾠarrest,	 ﾠwhilst	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠFoxg1	 ﾠsuppress	 ﾠexpression	 ﾠof	 ﾠ
the	 ﾠinhibitor	 ﾠand	 ﾠlead	 ﾠto	 ﾠincreased	 ﾠcell	 ﾠproliferation.	 ﾠ
For	 ﾠsome	 ﾠtime	 ﾠit	 ﾠhas	 ﾠbeen	 ﾠknown	 ﾠthat	 ﾠproneural	 ﾠgenes	 ﾠare	 ﾠable	 ﾠto	 ﾠdirectly	 ﾠ
bind	 ﾠgenes	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠinhibition	 ﾠof	 ﾠcell	 ﾠgrowth	 ﾠand	 ﾠtherefore	 ﾠpromote	 ﾠcell	 ﾠ
differentiation	 ﾠ(Pagliuca	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠBertrand	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠSurprisingly,	 ﾠrecent	 ﾠwork	 ﾠChapter	 ﾠ1:	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has	 ﾠrevealed	 ﾠthat	 ﾠproneural	 ﾠprotein	 ﾠAscl1	 ﾠacts	 ﾠto	 ﾠdirectly	 ﾠdrive	 ﾠthe	 ﾠproliferation	 ﾠof	 ﾠ
neural	 ﾠprogenitors	 ﾠas	 ﾠwell	 ﾠas	 ﾠtheir	 ﾠsubsequent	 ﾠcell	 ﾠcycle	 ﾠexit	 ﾠand	 ﾠdifferentiation	 ﾠ
(Castro	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ	 ﾠ
Further	 ﾠcontrol	 ﾠof	 ﾠproneural	 ﾠgene	 ﾠexpression	 ﾠand	 ﾠfunction	 ﾠ
The	 ﾠmechanisms	 ﾠdescribed	 ﾠso	 ﾠfar	 ﾠrepresent	 ﾠa	 ﾠcore	 ﾠneurogenic	 ﾠprogram	 ﾠthat	 ﾠ
functions	 ﾠto	 ﾠrestrict	 ﾠneurogenesis	 ﾠto	 ﾠspecific	 ﾠloci	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠneural	 ﾠ
epithelium	 ﾠand	 ﾠgoes	 ﾠsome	 ﾠway	 ﾠto	 ﾠensuring	 ﾠthe	 ﾠcorrect	 ﾠnumber	 ﾠand	 ﾠpattern	 ﾠof	 ﾠneural	 ﾠ
cells	 ﾠexist	 ﾠwithin	 ﾠthe	 ﾠCNS.	 ﾠ	 ﾠSeveral	 ﾠother	 ﾠmechanisms	 ﾠact	 ﾠto	 ﾠfurther	 ﾠrefine	 ﾠ
neurogenesis	 ﾠby	 ﾠcontrolling	 ﾠboth	 ﾠproneural	 ﾠgene	 ﾠexpression	 ﾠand	 ﾠfunction.	 ﾠ
Histone	 ﾠdeacetylases	 ﾠ(HDACs),	 ﾠdescribed	 ﾠin	 ﾠmore	 ﾠdetail	 ﾠwhen	 ﾠdiscussing	 ﾠPlzf	 ﾠ
function	 ﾠlater,	 ﾠare	 ﾠassociated	 ﾠwith	 ﾠaltering	 ﾠthe	 ﾠepigenetic	 ﾠlandscape	 ﾠthrough	 ﾠthe	 ﾠ
removal	 ﾠof	 ﾠacetyl	 ﾠgroups	 ﾠfrom	 ﾠhistones	 ﾠ(Gallinari	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠWithin	 ﾠthe	 ﾠCNS,	 ﾠ
HDACs	 ﾠare	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠneural	 ﾠprogenitor	 ﾠcells	 ﾠand	 ﾠfunction	 ﾠto	 ﾠpromote	 ﾠthe	 ﾠ
expression	 ﾠof	 ﾠproneural	 ﾠgenes	 ﾠ(Cunliffe,	 ﾠ2004).	 ﾠ	 ﾠIn	 ﾠanimal	 ﾠmodels	 ﾠwhere	 ﾠHDAC	 ﾠ
function	 ﾠhas	 ﾠbeen	 ﾠattenuated,	 ﾠneurons	 ﾠfail	 ﾠto	 ﾠdifferentiate	 ﾠand	 ﾠincreased	 ﾠprogenitor	 ﾠ
proliferation	 ﾠis	 ﾠobserved	 ﾠ(Cunliffe,	 ﾠ2004,	 ﾠMontgomery	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠAlthough	 ﾠHDAC	 ﾠ
activity	 ﾠis	 ﾠcommonly	 ﾠassociated	 ﾠwith	 ﾠtranscriptional	 ﾠrepression,	 ﾠone	 ﾠway	 ﾠin	 ﾠwhich	 ﾠ
HDAC1	 ﾠis	 ﾠable	 ﾠto	 ﾠinduce	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠis	 ﾠby	 ﾠbinding	 ﾠto	 ﾠthe	 ﾠpromoter	 ﾠ
of	 ﾠthe	 ﾠproneural	 ﾠgene	 ﾠascl1b	 ﾠand	 ﾠdrive	 ﾠits	 ﾠtranscription	 ﾠ(Harrison	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
The	 ﾠid	 ﾠfamily	 ﾠof	 ﾠgenes	 ﾠencodes	 ﾠtranscription	 ﾠfactors	 ﾠwith	 ﾠa	 ﾠHLH	 ﾠdomain	 ﾠbut	 ﾠ
which	 ﾠlack	 ﾠthe	 ﾠbasic	 ﾠdomain	 ﾠrequired	 ﾠfor	 ﾠDNA	 ﾠbinding.	 ﾠThey	 ﾠare	 ﾠable	 ﾠto	 ﾠcompete	 ﾠ
with	 ﾠproneural	 ﾠproteins	 ﾠfor	 ﾠthe	 ﾠrequired	 ﾠE	 ﾠproteins,	 ﾠacting	 ﾠas	 ﾠwidespread	 ﾠdominant-ﾭ‐
negative	 ﾠregulators	 ﾠ(Ruzinova	 ﾠand	 ﾠBenezra,	 ﾠ2003).	 ﾠ	 ﾠAttenuating	 ﾠId	 ﾠprotein	 ﾠactivity	 ﾠ
leads	 ﾠto	 ﾠcell	 ﾠcycle	 ﾠexit	 ﾠand	 ﾠpremature	 ﾠdifferentiation	 ﾠ(Lyden	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠ	 ﾠ	 ﾠ
As	 ﾠwell	 ﾠas	 ﾠhaving	 ﾠa	 ﾠrole	 ﾠin	 ﾠthe	 ﾠpatterning	 ﾠof	 ﾠthe	 ﾠneural	 ﾠtube,	 ﾠsecreted	 ﾠ
signalling	 ﾠmolecules	 ﾠsuch	 ﾠas	 ﾠretinoic	 ﾠacid,	 ﾠFGF,	 ﾠWnt	 ﾠand	 ﾠBMP	 ﾠfamily	 ﾠmembers,	 ﾠhave	 ﾠ
been	 ﾠimplicated	 ﾠin	 ﾠthe	 ﾠpromotion	 ﾠand	 ﾠinhibition	 ﾠof	 ﾠneurogenesis	 ﾠ(Hardcastle	 ﾠet	 ﾠal.,	 ﾠ
2000,	 ﾠMaden,	 ﾠ2007,	 ﾠFord-ﾭ‐Perriss	 ﾠet	 ﾠal.,	 ﾠ2001,	 ﾠMichaelidis	 ﾠand	 ﾠLie,	 ﾠ2008,	 ﾠBond	 ﾠet	 ﾠal.,	 ﾠ
2012).	 ﾠ	 ﾠThe	 ﾠinvolvement	 ﾠof	 ﾠthese	 ﾠvarious	 ﾠmolecules	 ﾠat	 ﾠdifferent	 ﾠstages	 ﾠof	 ﾠ
neurogenesis	 ﾠis	 ﾠcomplex	 ﾠand	 ﾠthe	 ﾠintricate	 ﾠdetails	 ﾠare	 ﾠstill	 ﾠbeing	 ﾠresearched,	 ﾠwith	 ﾠ
studies	 ﾠdemonstrating	 ﾠopposing	 ﾠroles	 ﾠfor	 ﾠvarious	 ﾠfamily	 ﾠmembers	 ﾠ(Borello	 ﾠet	 ﾠal.,	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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2008)	 ﾠand	 ﾠboth	 ﾠcooperative	 ﾠand	 ﾠantagonistic	 ﾠactions	 ﾠbetween	 ﾠdifferent	 ﾠmolecules	 ﾠ
(Diez	 ﾠDel	 ﾠCorral	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠBoth	 ﾠthe	 ﾠsignalling	 ﾠmolecules	 ﾠand	 ﾠtheir	 ﾠreceptors	 ﾠcan	 ﾠ
be	 ﾠbroadly	 ﾠexpressed	 ﾠthroughout	 ﾠneural	 ﾠand	 ﾠsurrounding	 ﾠtissues;	 ﾠwhilst	 ﾠin	 ﾠother	 ﾠ
cases	 ﾠthey	 ﾠhave	 ﾠa	 ﾠmore	 ﾠrestricted	 ﾠexpression	 ﾠpattern.	 ﾠ	 ﾠAn	 ﾠexample	 ﾠof	 ﾠthe	 ﾠlatter	 ﾠis	 ﾠthe	 ﾠ
expression	 ﾠof	 ﾠfgf20a	 ﾠwithin	 ﾠa	 ﾠsubset	 ﾠof	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠthat	 ﾠ
activates	 ﾠthe	 ﾠFGF	 ﾠreceptor(s)	 ﾠwithin	 ﾠsegment	 ﾠcentres	 ﾠand	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠ
inhibition	 ﾠof	 ﾠneuronal	 ﾠdifferentiation	 ﾠ(Gonzalez-ﾭ‐Quevedo	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
The	 ﾠmajority	 ﾠof	 ﾠthe	 ﾠinhibitory	 ﾠmechanisms	 ﾠdescribed	 ﾠso	 ﾠfar	 ﾠact	 ﾠon	 ﾠthe	 ﾠinitial	 ﾠ
onset	 ﾠof	 ﾠneuronal	 ﾠdifferentiation,	 ﾠinhibiting	 ﾠproneural	 ﾠgene	 ﾠexpression	 ﾠbefore	 ﾠthe	 ﾠ
neurogenic	 ﾠcascade	 ﾠcan	 ﾠbegin.	 ﾠ	 ﾠThere	 ﾠis	 ﾠevidence	 ﾠfor	 ﾠregulation	 ﾠat	 ﾠmultiple	 ﾠsteps	 ﾠof	 ﾠ
the	 ﾠcascade.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠin	 ﾠaddition	 ﾠto	 ﾠhaving	 ﾠthe	 ﾠearlier	 ﾠdescribed	 ﾠrole	 ﾠin	 ﾠ
progenitor	 ﾠmaintenance,	 ﾠthe	 ﾠmicroRNA	 ﾠmiR-ﾭ‐9	 ﾠacts	 ﾠto	 ﾠdirectly	 ﾠinhibit	 ﾠHuC	 ﾠexpression	 ﾠ
in	 ﾠorder	 ﾠto	 ﾠregulate	 ﾠtiming	 ﾠof	 ﾠneuronal	 ﾠdifferentiation	 ﾠ(Coolen	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠ
chicken	 ﾠspinal	 ﾠcord,	 ﾠtwo	 ﾠHes6	 ﾠgenes	 ﾠexist:	 ﾠHes6-ﾭ‐1	 ﾠand	 ﾠHes6-ﾭ‐2	 ﾠ(Vilas-ﾭ‐Boas	 ﾠand	 ﾠ
Henrique,	 ﾠ2010).	 ﾠ	 ﾠHes6-ﾭ‐2	 ﾠexpression	 ﾠoverlaps	 ﾠwith	 ﾠneurog1	 ﾠand	 ﾠacts	 ﾠto	 ﾠrepress	 ﾠ
transcription	 ﾠof	 ﾠHes5.	 ﾠ	 ﾠHes6-ﾭ‐1	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠa	 ﾠsuccessive	 ﾠstage	 ﾠof	 ﾠneurogenesis,	 ﾠ
overlapping	 ﾠwith	 ﾠNeurod4	 ﾠand	 ﾠhaving	 ﾠa	 ﾠpost-ﾭ‐translational	 ﾠrole	 ﾠin	 ﾠinhibiting	 ﾠHes	 ﾠ
proteins	 ﾠsimilar	 ﾠto	 ﾠthat	 ﾠpreviously	 ﾠdescribed	 ﾠof	 ﾠfor	 ﾠits	 ﾠmurine	 ﾠhomologue.	 ﾠ
Generating	 ﾠvariety	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠ
Whilst	 ﾠthe	 ﾠprocesses	 ﾠdescribed	 ﾠso	 ﾠfar	 ﾠgo	 ﾠsome	 ﾠway	 ﾠto	 ﾠexplain	 ﾠhow	 ﾠthe	 ﾠcorrect	 ﾠ
number	 ﾠof	 ﾠneural	 ﾠcells	 ﾠare	 ﾠproduced,	 ﾠthey	 ﾠdo	 ﾠnot	 ﾠexplain	 ﾠhow	 ﾠthe	 ﾠrequired	 ﾠvariety	 ﾠof	 ﾠ
different	 ﾠsubtypes	 ﾠare	 ﾠgenerated.	 ﾠ	 ﾠNeural	 ﾠcells	 ﾠacquire	 ﾠdistinct	 ﾠcharacteristics	 ﾠand	 ﾠ
fates	 ﾠprovided	 ﾠby	 ﾠpositional	 ﾠinformation	 ﾠalong	 ﾠthe	 ﾠbody	 ﾠaxes	 ﾠ(Guillemot,	 ﾠ2007).	 ﾠ	 ﾠThis	 ﾠ
process	 ﾠis	 ﾠbest	 ﾠunderstood	 ﾠwithin	 ﾠthe	 ﾠvertebrate	 ﾠspinal	 ﾠcord,	 ﾠwhere	 ﾠneuronal	 ﾠ
identity	 ﾠis	 ﾠdefined	 ﾠaccording	 ﾠto	 ﾠposition	 ﾠwithin	 ﾠthe	 ﾠdorsal-ﾭ‐ventral	 ﾠaxis	 ﾠ(Jessell,	 ﾠ2000).	 ﾠ	 ﾠ
Various	 ﾠbHLH	 ﾠproteins	 ﾠhave	 ﾠbeen	 ﾠassociated	 ﾠwith	 ﾠproviding	 ﾠneuronal	 ﾠidentity	 ﾠin	 ﾠthe	 ﾠ
developing	 ﾠCNS,	 ﾠfrequently	 ﾠthrough	 ﾠthe	 ﾠinteractions	 ﾠwith	 ﾠother	 ﾠneuronal-ﾭ‐fate	 ﾠ
determinants	 ﾠ(Bertrand	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ
As	 ﾠwell	 ﾠas	 ﾠspatial	 ﾠpatterning	 ﾠhaving	 ﾠa	 ﾠrole	 ﾠin	 ﾠdetermining	 ﾠneural	 ﾠidentity,	 ﾠ
temporal	 ﾠpatterning	 ﾠis	 ﾠalso	 ﾠinvolved.	 ﾠIn	 ﾠvertebrates,	 ﾠdifferent	 ﾠtypes	 ﾠof	 ﾠneurons	 ﾠare	 ﾠ
born	 ﾠin	 ﾠa	 ﾠstereotypical	 ﾠorder	 ﾠin	 ﾠcertain	 ﾠregions	 ﾠof	 ﾠthe	 ﾠCNS	 ﾠ(Jacob	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	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Drosophila,	 ﾠsequential	 ﾠtranscription	 ﾠfactor	 ﾠexpression	 ﾠin	 ﾠneuroblasts	 ﾠproduces	 ﾠ
differentially	 ﾠfated	 ﾠganglion	 ﾠmother	 ﾠcells,	 ﾠproviding	 ﾠneurons	 ﾠwith	 ﾠa	 ﾠunique	 ﾠidentity	 ﾠ
(Isshiki	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠ	 ﾠIt	 ﾠseems	 ﾠlikely	 ﾠthat	 ﾠa	 ﾠsimilar	 ﾠprocess	 ﾠis	 ﾠoccurring	 ﾠin	 ﾠvertebrates	 ﾠ
and	 ﾠdetails	 ﾠare	 ﾠbeginning	 ﾠto	 ﾠemerge	 ﾠfrom	 ﾠstudies	 ﾠin	 ﾠthe	 ﾠmammalian	 ﾠcortex	 ﾠ(Kohwi	 ﾠ
and	 ﾠDoe,	 ﾠ2013).	 ﾠ	 ﾠ
The	 ﾠbest	 ﾠunderstood	 ﾠswitch	 ﾠin	 ﾠcell	 ﾠfate	 ﾠknown	 ﾠto	 ﾠoccur	 ﾠin	 ﾠmultiple	 ﾠregions	 ﾠof	 ﾠ
the	 ﾠvertebrate	 ﾠCNS	 ﾠis	 ﾠthe	 ﾠtransition	 ﾠfrom	 ﾠneurogenesis	 ﾠto	 ﾠgliogenesis.	 ﾠ	 ﾠNeurons	 ﾠare	 ﾠ
produced	 ﾠbefore	 ﾠglia	 ﾠduring	 ﾠdevelopment	 ﾠand	 ﾠthis	 ﾠtemporal	 ﾠcontrol	 ﾠcan	 ﾠbe	 ﾠ
recapitulated	 ﾠin	 ﾠvitro	 ﾠ(Qian	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠSeveral	 ﾠintrinsic	 ﾠand	 ﾠextrinsic	 ﾠsignalling	 ﾠ
pathways	 ﾠhave	 ﾠbeen	 ﾠimplicated	 ﾠin	 ﾠthis	 ﾠswitch,	 ﾠincluding	 ﾠevidence	 ﾠthat	 ﾠproneural	 ﾠ
genes	 ﾠinhibit	 ﾠpathways	 ﾠthat	 ﾠactivate	 ﾠglial-ﾭ‐specific	 ﾠgenes	 ﾠ(Sun	 ﾠet	 ﾠal.,	 ﾠ2001,	 ﾠMiller	 ﾠand	 ﾠ
Gauthier,	 ﾠ2007).	 ﾠ	 ﾠFurthermore,	 ﾠevidence	 ﾠexists	 ﾠto	 ﾠsuggest	 ﾠthat	 ﾠNotch	 ﾠsignalling	 ﾠitself	 ﾠ
promotes	 ﾠthe	 ﾠdifferentiation	 ﾠof	 ﾠglial	 ﾠcell	 ﾠtypes	 ﾠat	 ﾠthe	 ﾠexpense	 ﾠof	 ﾠneuronal	 ﾠcell	 ﾠtypes	 ﾠ
(Tanigaki	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠ	 ﾠ	 ﾠ
Neurogenesis	 ﾠin	 ﾠzebrafish	 ﾠ
Neurogenesis	 ﾠin	 ﾠzebrafish,	 ﾠas	 ﾠwith	 ﾠother	 ﾠlower	 ﾠvertebrates,	 ﾠhas	 ﾠbeen	 ﾠ
classically	 ﾠseparated	 ﾠinto	 ﾠtwo	 ﾠwaves	 ﾠthat	 ﾠoccur	 ﾠsuccessively,	 ﾠclassed	 ﾠas	 ﾠprimary	 ﾠand	 ﾠ
secondary	 ﾠneurogenesis	 ﾠ(Kimmel,	 ﾠ1993).	 ﾠ	 ﾠPrimary	 ﾠneurogenesis	 ﾠis	 ﾠinitiated	 ﾠat	 ﾠlate	 ﾠ
gastrulation	 ﾠand	 ﾠproduces	 ﾠneurons	 ﾠwith	 ﾠlarge	 ﾠcell	 ﾠbodies	 ﾠthat	 ﾠextend	 ﾠlong	 ﾠaxons	 ﾠto	 ﾠ
form	 ﾠthe	 ﾠfirst	 ﾠfunctional	 ﾠneuronal	 ﾠcircuits	 ﾠwithin	 ﾠa	 ﾠday	 ﾠof	 ﾠembryogenesis	 ﾠ(Kimmel	 ﾠ
and	 ﾠWesterfield,	 ﾠ1990,	 ﾠGrunwald	 ﾠet	 ﾠal.,	 ﾠ1988).	 ﾠ	 ﾠExamples	 ﾠof	 ﾠprimary	 ﾠneurons	 ﾠ
produced	 ﾠinclude	 ﾠthe	 ﾠMauthner	 ﾠneurons,	 ﾠborn	 ﾠin	 ﾠthe	 ﾠcentre	 ﾠof	 ﾠrhombomere	 ﾠ4	 ﾠin	 ﾠthe	 ﾠ
developing	 ﾠhindbrain,	 ﾠsensory	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠhead	 ﾠand	 ﾠmotor	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠspinal	 ﾠ
cord	 ﾠ(Mendelson,	 ﾠ1986).	 ﾠ	 ﾠThese	 ﾠneurons	 ﾠform	 ﾠpart	 ﾠof	 ﾠthe	 ﾠsimple	 ﾠneural	 ﾠcircuitry	 ﾠthat	 ﾠ
drives	 ﾠthe	 ﾠstartle	 ﾠresponse,	 ﾠinitiated	 ﾠby	 ﾠa	 ﾠsingle	 ﾠMauthner	 ﾠcell	 ﾠaction	 ﾠpotential	 ﾠin	 ﾠ
response	 ﾠto	 ﾠexcitatory	 ﾠinput	 ﾠfrom	 ﾠthe	 ﾠsensory	 ﾠneurons,	 ﾠand	 ﾠresulting	 ﾠin	 ﾠactivation	 ﾠof	 ﾠ
motor	 ﾠneurons	 ﾠand	 ﾠcontraction	 ﾠof	 ﾠmuscles	 ﾠsurrounding	 ﾠthe	 ﾠspinal	 ﾠcord	 ﾠ(Kimmel	 ﾠand	 ﾠ
Westerfield,	 ﾠ1990).	 ﾠ	 ﾠThis	 ﾠcircuit	 ﾠprovides	 ﾠthe	 ﾠearly	 ﾠlarva	 ﾠwith	 ﾠthe	 ﾠability	 ﾠto	 ﾠrespond	 ﾠto	 ﾠ
touch,	 ﾠtherefore	 ﾠincreasing	 ﾠits	 ﾠchances	 ﾠof	 ﾠsurvival	 ﾠand	 ﾠallowing	 ﾠsubsequent	 ﾠ
neurogenesis	 ﾠto	 ﾠproceed.	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	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Radial	 ﾠglial	 ﾠcells	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠarise	 ﾠat	 ﾠaround	 ﾠ11	 ﾠhours	 ﾠpost	 ﾠ
fertilisation	 ﾠ(hpf)	 ﾠin	 ﾠzebrafish,	 ﾠjust	 ﾠas	 ﾠthe	 ﾠinitial	 ﾠneurons	 ﾠhave	 ﾠdifferentiated	 ﾠ(Kim	 ﾠet	 ﾠ
al.,	 ﾠ2008,	 ﾠMarcus	 ﾠand	 ﾠEaster,	 ﾠ1995).	 ﾠ	 ﾠAs	 ﾠdevelopment	 ﾠcontinues,	 ﾠsome	 ﾠof	 ﾠthese	 ﾠ
primary	 ﾠneurons	 ﾠwill	 ﾠbe	 ﾠreplaced	 ﾠduring	 ﾠthe	 ﾠwave	 ﾠof	 ﾠsecondary	 ﾠneurogenesis	 ﾠ
(Wullimann,	 ﾠ2009).	 ﾠ	 ﾠAs	 ﾠan	 ﾠexample,	 ﾠthe	 ﾠgroup	 ﾠof	 ﾠmechanosensory	 ﾠneurons	 ﾠwithin	 ﾠ
the	 ﾠdorsal	 ﾠspinal	 ﾠcord	 ﾠclassed	 ﾠas	 ﾠRohon-ﾭ‐Beard	 ﾠneurons	 ﾠdegenerate	 ﾠgradually	 ﾠduring	 ﾠ
larval	 ﾠstages	 ﾠand	 ﾠare	 ﾠreplaced	 ﾠby	 ﾠthe	 ﾠdorsal	 ﾠroot	 ﾠganglion	 ﾠneurons	 ﾠ(Reyes	 ﾠet	 ﾠal.,	 ﾠ
2004).	 ﾠ	 ﾠIt	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠdespite	 ﾠthe	 ﾠclassical	 ﾠdefinition	 ﾠof	 ﾠtwo	 ﾠseparate	 ﾠwaves,	 ﾠ
neurogenesis	 ﾠis	 ﾠa	 ﾠcontinuous	 ﾠprocess	 ﾠthat	 ﾠis	 ﾠnot	 ﾠobviously	 ﾠdivided	 ﾠinto	 ﾠtwo	 ﾠdistinct	 ﾠ
phases	 ﾠ(Lyons	 ﾠet	 ﾠal.,	 ﾠ2003)	 ﾠand	 ﾠsimilar	 ﾠregulatory	 ﾠmechanisms	 ﾠare	 ﾠlikely	 ﾠto	 ﾠplay	 ﾠa	 ﾠrole	 ﾠ
during	 ﾠboth	 ﾠwaves.	 ﾠ	 ﾠ	 ﾠ
Studies	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠneurogenesis	 ﾠwithin	 ﾠthe	 ﾠadult	 ﾠmammalian	 ﾠbrain	 ﾠis	 ﾠ
very	 ﾠlimited	 ﾠand	 ﾠlargely	 ﾠrestricted	 ﾠto	 ﾠtwo	 ﾠregions,	 ﾠthe	 ﾠsubgranular	 ﾠzone	 ﾠin	 ﾠthe	 ﾠ
dentate	 ﾠgyrus	 ﾠof	 ﾠthe	 ﾠhippocampus	 ﾠand	 ﾠthe	 ﾠsubventricular	 ﾠzone	 ﾠof	 ﾠthe	 ﾠlateral	 ﾠ
ventricles	 ﾠ(Ming	 ﾠand	 ﾠSong,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠadult	 ﾠzebrafish	 ﾠbrain,	 ﾠhowever,	 ﾠis	 ﾠknown	 ﾠto	 ﾠ
have	 ﾠmuch	 ﾠgreater	 ﾠproliferative	 ﾠpotential	 ﾠand	 ﾠcontinue	 ﾠto	 ﾠproduce	 ﾠneurons	 ﾠ
throughout	 ﾠits	 ﾠlife	 ﾠ(Grandel	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ	 ﾠRadial	 ﾠglial	 ﾠcells	 ﾠpersist	 ﾠin	 ﾠthe	 ﾠadult,	 ﾠ
retaining	 ﾠtheir	 ﾠproliferative	 ﾠcapability	 ﾠand	 ﾠability	 ﾠto	 ﾠgenerate	 ﾠneurons,	 ﾠmaking	 ﾠthem	 ﾠ
the	 ﾠmost	 ﾠlikely	 ﾠcandidates	 ﾠfor	 ﾠadult	 ﾠneural	 ﾠstem	 ﾠcells	 ﾠ(Adolf	 ﾠet	 ﾠal.,	 ﾠ2006,	 ﾠPellegrini	 ﾠet	 ﾠ
al.,	 ﾠ2007,	 ﾠLam	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠReflective	 ﾠof	 ﾠtheir	 ﾠcontinuous	 ﾠability	 ﾠto	 ﾠgenerate	 ﾠ
neurons,	 ﾠzebrafish	 ﾠshow	 ﾠa	 ﾠremarkable	 ﾠability	 ﾠto	 ﾠregrow	 ﾠboth	 ﾠaxons	 ﾠand	 ﾠentire	 ﾠtissues	 ﾠ
following	 ﾠinjury	 ﾠwithin	 ﾠthe	 ﾠCNS	 ﾠ(Becker	 ﾠand	 ﾠBecker,	 ﾠ2008).	 ﾠ
The	 ﾠzebrafish	 ﾠhindbrain	 ﾠas	 ﾠa	 ﾠmodel	 ﾠfor	 ﾠstudying	 ﾠneurogenesis	 ﾠ
In	 ﾠthe	 ﾠhindbrain,	 ﾠsegmental	 ﾠgene	 ﾠexpression	 ﾠof	 ﾠEph	 ﾠreceptors	 ﾠand	 ﾠEphrin	 ﾠ
ligands	 ﾠin	 ﾠcomplementary	 ﾠrhombomeres	 ﾠis	 ﾠessential	 ﾠto	 ﾠensure	 ﾠcells	 ﾠfrom	 ﾠan	 ﾠ
individual	 ﾠrhombomere	 ﾠare	 ﾠunable	 ﾠto	 ﾠmigrate	 ﾠinto	 ﾠadjacent	 ﾠcompartments	 ﾠ(Cooke	 ﾠet	 ﾠ
al.,	 ﾠ2005,	 ﾠXu	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠSpecialised	 ﾠboundary	 ﾠcells	 ﾠare	 ﾠobserved	 ﾠto	 ﾠform	 ﾠat	 ﾠthe	 ﾠ
interface	 ﾠof	 ﾠtwo	 ﾠrhombomeres	 ﾠand	 ﾠEph-ﾭ‐ephrin	 ﾠsignalling	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠboth	 ﾠthe	 ﾠ
formation	 ﾠand	 ﾠmaintenance	 ﾠof	 ﾠthese	 ﾠcells	 ﾠ(Cooke	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠTerriente	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ
The	 ﾠfirst	 ﾠhindbrain	 ﾠneurons	 ﾠto	 ﾠdifferentiate	 ﾠarise	 ﾠbilaterally	 ﾠin	 ﾠeach	 ﾠ
rhombomere	 ﾠcentre	 ﾠand	 ﾠsubsequent	 ﾠneurons	 ﾠare	 ﾠadded	 ﾠto	 ﾠthe	 ﾠsegments	 ﾠin	 ﾠa	 ﾠhighly	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stereotypical	 ﾠmanner	 ﾠ(Hanneman	 ﾠet	 ﾠal.,	 ﾠ1988).	 ﾠ	 ﾠBy	 ﾠ24	 ﾠhpf,	 ﾠclusters	 ﾠof	 ﾠneurons	 ﾠare	 ﾠ
observed	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠof	 ﾠthe	 ﾠrhombomere	 ﾠcentres	 ﾠand	 ﾠalso	 ﾠclose	 ﾠto	 ﾠthe	 ﾠ
boundaries.	 ﾠ	 ﾠRadial	 ﾠglial	 ﾠfibres	 ﾠare	 ﾠknown	 ﾠto	 ﾠoccupy	 ﾠthe	 ﾠspace	 ﾠadjacent	 ﾠto	 ﾠthe	 ﾠ
rhombomere	 ﾠboundaries,	 ﾠwhere	 ﾠneurons	 ﾠare	 ﾠabsent	 ﾠ(Trevarrow	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠThe	 ﾠ
cell	 ﾠbodies	 ﾠof	 ﾠthese	 ﾠmitotically	 ﾠactive	 ﾠglial	 ﾠcells	 ﾠare	 ﾠpresent	 ﾠat	 ﾠthe	 ﾠventricular	 ﾠsurface	 ﾠ
while	 ﾠtheir	 ﾠprocesses	 ﾠare	 ﾠorganised	 ﾠinto	 ﾠtwo	 ﾠtransverse	 ﾠrows,	 ﾠforming	 ﾠa	 ﾠstructure	 ﾠ
known	 ﾠas	 ﾠthe	 ﾠ‘glial	 ﾠcurtain’	 ﾠ(Trevarrow	 ﾠet	 ﾠal.,	 ﾠ1990,	 ﾠMarcus	 ﾠand	 ﾠEaster,	 ﾠ1995).	 ﾠ	 ﾠThis	 ﾠ
results	 ﾠin	 ﾠa	 ﾠhighly	 ﾠstereotypical	 ﾠpattern	 ﾠof	 ﾠneurons	 ﾠand	 ﾠfibres	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠ
that	 ﾠis	 ﾠknown	 ﾠto	 ﾠexist	 ﾠfrom	 ﾠ22	 ﾠhpf	 ﾠand	 ﾠis	 ﾠmaintained	 ﾠthroughout	 ﾠembryonic	 ﾠ
development	 ﾠ(Trevarrow	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ
Within	 ﾠthe	 ﾠneural	 ﾠepithelium,	 ﾠcells	 ﾠactively	 ﾠundergoing	 ﾠneurogenesis	 ﾠare	 ﾠ
confined	 ﾠto	 ﾠzones	 ﾠflanking	 ﾠrhombomere	 ﾠboundaries	 ﾠwithin	 ﾠthe	 ﾠhindbrain	 ﾠ(Cheng	 ﾠet	 ﾠ
al.,	 ﾠ2004).	 ﾠ	 ﾠAs	 ﾠpreviously	 ﾠdescribed,	 ﾠsignals	 ﾠfrom	 ﾠthe	 ﾠfgf20a-ﾭ‐expressing	 ﾠneurons	 ﾠact	 ﾠ
to	 ﾠprevent	 ﾠneurogenesis	 ﾠfrom	 ﾠoccurring	 ﾠin	 ﾠrhombomere	 ﾠcentres	 ﾠ(Gonzalez-ﾭ‐Quevedo	 ﾠ
et	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThere	 ﾠis	 ﾠevidence	 ﾠthat	 ﾠsustained	 ﾠNotch	 ﾠactivation	 ﾠoccurs	 ﾠat	 ﾠhindbrain	 ﾠ
boundaries	 ﾠand	 ﾠtherefore	 ﾠthis	 ﾠcorrelates	 ﾠwith	 ﾠan	 ﾠinhibition	 ﾠof	 ﾠneurogenesis	 ﾠat	 ﾠthis	 ﾠ
location	 ﾠ(Cheng	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠQiu	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠRecent	 ﾠwork	 ﾠhas	 ﾠshown	 ﾠthat	 ﾠthese	 ﾠ
boundary	 ﾠcells	 ﾠact	 ﾠas	 ﾠa	 ﾠsource	 ﾠof	 ﾠthe	 ﾠchemorepellent	 ﾠsemaphorin	 ﾠfamily	 ﾠof	 ﾠproteins	 ﾠ
to	 ﾠposition	 ﾠthe	 ﾠfgf20a	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠsegment	 ﾠcentres	 ﾠ(Terriente	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ	 ﾠThe	 ﾠ
model	 ﾠof	 ﾠthe	 ﾠrole	 ﾠof	 ﾠboundaries	 ﾠand	 ﾠfgf20a	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠpositioning	 ﾠof	 ﾠ
neurogenesis	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ1-ﾭ‐5.	 ﾠ	 ﾠThese	 ﾠcomponents	 ﾠlead	 ﾠto	 ﾠa	 ﾠstriking	 ﾠpattern	 ﾠof	 ﾠ
both	 ﾠneurons	 ﾠand	 ﾠprogenitors	 ﾠcells	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠthat	 ﾠmake	 ﾠit	 ﾠan	 ﾠ
attractive	 ﾠmodel	 ﾠfor	 ﾠstudying	 ﾠneurogenesis.	 ﾠ
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Figure	 ﾠ1-ﾭ‐5:	 ﾠNeurogenesis	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠ
Simplified	 ﾠoverview	 ﾠof	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain.	 ﾠ
a:	 ﾠDorsal	 ﾠview	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠshowing	 ﾠthe	 ﾠdifferent	 ﾠclasses	 ﾠof	 ﾠprogenitor	 ﾠ
cells	 ﾠthat	 ﾠexist	 ﾠat	 ﾠthe	 ﾠventricular	 ﾠsurface.	 ﾠ	 ﾠCells	 ﾠundergoing	 ﾠneurogenesis	 ﾠ(red)	 ﾠflank	 ﾠ
the	 ﾠrhombomere	 ﾠboundaries,	 ﾠforming	 ﾠa	 ﾠstructure	 ﾠknown	 ﾠas	 ﾠthe	 ﾠglial	 ﾠcurtain.	 ﾠ	 ﾠ
Specialised	 ﾠboundary	 ﾠcells	 ﾠ(blue)	 ﾠoccupy	 ﾠpositions	 ﾠat	 ﾠthe	 ﾠrhombomere	 ﾠboundary,	 ﾠ
whist	 ﾠother	 ﾠcells	 ﾠ(yellow)	 ﾠare	 ﾠmaintained	 ﾠas	 ﾠundifferentiated	 ﾠprogenitors	 ﾠin	 ﾠthe	 ﾠ
rhombomere	 ﾠcentres.	 ﾠ	 ﾠ
b:	 ﾠSagittal	 ﾠ(side)	 ﾠview	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain.	 ﾠ	 ﾠThe	 ﾠboundary	 ﾠcells	 ﾠsecrete	 ﾠthe	 ﾠ
chemorepellent	 ﾠsemaphorin	 ﾠfamily	 ﾠof	 ﾠproteins	 ﾠwhich	 ﾠposition	 ﾠthe	 ﾠfgf20	 ﾠneurons	 ﾠin	 ﾠ
the	 ﾠmantle	 ﾠzone	 ﾠof	 ﾠthe	 ﾠsegment	 ﾠcentres.	 ﾠ	 ﾠSignals	 ﾠfrom	 ﾠthese	 ﾠcells	 ﾠact	 ﾠto	 ﾠprevent	 ﾠ
neurogenesis	 ﾠfrom	 ﾠbeing	 ﾠinitiated	 ﾠin	 ﾠthe	 ﾠcells	 ﾠthat	 ﾠoccupy	 ﾠthe	 ﾠrhombomere	 ﾠcentres.	 ﾠ
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1.2  The	 ﾠPromyelocytic	 ﾠLeukemia	 ﾠZinc	 ﾠFinger	 ﾠProtein	 ﾠ
The	 ﾠPromyelocytic	 ﾠLeukemia	 ﾠZinc	 ﾠFinger	 ﾠ(Plzf/Zbtb16)	 ﾠprotein	 ﾠis	 ﾠa	 ﾠmember	 ﾠof	 ﾠ
the	 ﾠzinc	 ﾠfinger	 ﾠand	 ﾠBTB	 ﾠdomain	 ﾠ(Broad	 ﾠcomplex,	 ﾠTramtrack	 ﾠand	 ﾠBric-ﾭ‐à-ﾭ‐brac)	 ﾠ
containing	 ﾠfamily.	 ﾠ	 ﾠProteins	 ﾠof	 ﾠthis	 ﾠfamily	 ﾠare	 ﾠcharacterised	 ﾠby	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠan	 ﾠN-ﾭ‐
terminal	 ﾠBTB	 ﾠdomain,	 ﾠalso	 ﾠknown	 ﾠas	 ﾠa	 ﾠPOZ	 ﾠ(Poxvirus	 ﾠand	 ﾠZinc	 ﾠfinger)	 ﾠdomain,	 ﾠand	 ﾠ
several	 ﾠC-ﾭ‐terminal	 ﾠKrüppel-ﾭ‐type	 ﾠC2H2	 ﾠzinc	 ﾠfinger	 ﾠmotifs.	 ﾠ	 ﾠThe	 ﾠhuman	 ﾠgenome	 ﾠencodes	 ﾠ
47	 ﾠproteins	 ﾠof	 ﾠthis	 ﾠfamily,	 ﾠwhich	 ﾠare	 ﾠgenerally	 ﾠclassed	 ﾠas	 ﾠtranscription	 ﾠfactors	 ﾠand	 ﾠ
carry	 ﾠout	 ﾠa	 ﾠbroad	 ﾠrange	 ﾠof	 ﾠfunctions,	 ﾠboth	 ﾠduring	 ﾠdevelopment	 ﾠand	 ﾠwithin	 ﾠthe	 ﾠadult	 ﾠ
(Privé	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠPlzf	 ﾠis	 ﾠone	 ﾠof	 ﾠthe	 ﾠbest	 ﾠstudied	 ﾠof	 ﾠthis	 ﾠfamily	 ﾠof	 ﾠproteins	 ﾠand	 ﾠin	 ﾠthe	 ﾠ
following	 ﾠsection	 ﾠI	 ﾠaim	 ﾠto	 ﾠgive	 ﾠan	 ﾠoverview	 ﾠof	 ﾠits	 ﾠknown	 ﾠbiological	 ﾠprocesses.	 ﾠ
Functional	 ﾠdomains	 ﾠof	 ﾠPlzf	 ﾠ
In	 ﾠhumans,	 ﾠthe	 ﾠPLZF	 ﾠgene	 ﾠis	 ﾠlocated	 ﾠon	 ﾠchromosome	 ﾠ11	 ﾠand	 ﾠcomposed	 ﾠof	 ﾠ7	 ﾠ
exons.	 ﾠ	 ﾠThe	 ﾠgene	 ﾠcontains	 ﾠseveral	 ﾠsplice	 ﾠvariants,	 ﾠof	 ﾠwhich	 ﾠthe	 ﾠtranscripts	 ﾠhave	 ﾠbeen	 ﾠ
detected	 ﾠin	 ﾠmultiple	 ﾠtissues	 ﾠ(Zhang	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠThe	 ﾠmost	 ﾠcommon	 ﾠtranscript	 ﾠis	 ﾠ
found	 ﾠin	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠtissues	 ﾠand	 ﾠencodes	 ﾠa	 ﾠ673	 ﾠamino	 ﾠacid	 ﾠprotein,	 ﾠwhilst	 ﾠthe	 ﾠ
other	 ﾠtranscripts	 ﾠencode	 ﾠN-ﾭ‐terminally	 ﾠtruncated	 ﾠPlzf	 ﾠproteins	 ﾠand	 ﾠhave	 ﾠa	 ﾠmore	 ﾠ
restricted	 ﾠexpression	 ﾠpattern.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠmouse,	 ﾠthe	 ﾠgene	 ﾠis	 ﾠlocated	 ﾠon	 ﾠchromosome	 ﾠ9	 ﾠ
and	 ﾠonly	 ﾠa	 ﾠsingle	 ﾠtranscript	 ﾠis	 ﾠreported	 ﾠ(Suliman	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠAn	 ﾠisoform	 ﾠof	 ﾠhuman	 ﾠ
Plzf	 ﾠlacking	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠhas	 ﾠbeen	 ﾠdescribed	 ﾠto	 ﾠhave	 ﾠan	 ﾠimportant	 ﾠfunction	 ﾠin	 ﾠ
colorectal	 ﾠcancer	 ﾠcell	 ﾠlines	 ﾠ(Jones	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠ	 ﾠ
The	 ﾠN-ﾭ‐terminal	 ﾠ118	 ﾠamino	 ﾠacids	 ﾠconstitute	 ﾠthe	 ﾠhighly	 ﾠconserved	 ﾠBTB	 ﾠdomain,	 ﾠ
which	 ﾠhas	 ﾠa	 ﾠrole	 ﾠin	 ﾠmediating	 ﾠprotein	 ﾠmultimerisation	 ﾠand	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠ
transcriptional	 ﾠrepression	 ﾠ(Bardwell	 ﾠand	 ﾠTreisman,	 ﾠ1994,	 ﾠDong	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠ	 ﾠThe	 ﾠ
crystal	 ﾠstructure	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠof	 ﾠhuman	 ﾠPlzf	 ﾠhas	 ﾠbeen	 ﾠsolved,	 ﾠwhere	 ﾠit	 ﾠwas	 ﾠ
found	 ﾠto	 ﾠexist	 ﾠas	 ﾠa	 ﾠhomodimer	 ﾠ(Ahmad	 ﾠet	 ﾠal.,	 ﾠ1998,	 ﾠLi	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠThis	 ﾠ
homodimerisation	 ﾠresults	 ﾠin	 ﾠthe	 ﾠformation	 ﾠof	 ﾠan	 ﾠinteraction	 ﾠgroove	 ﾠnecessary	 ﾠto	 ﾠ
mediate	 ﾠtranscriptional	 ﾠrepression	 ﾠthrough	 ﾠthe	 ﾠrecruitment	 ﾠof	 ﾠcorepressors,	 ﾠas	 ﾠ
described	 ﾠlater	 ﾠ(Hong	 ﾠet	 ﾠal.,	 ﾠ1997,	 ﾠMelnick	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠPlzf	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠ
able	 ﾠto	 ﾠform	 ﾠheterodimers	 ﾠwith	 ﾠother	 ﾠBTB	 ﾠdomain	 ﾠcontaining	 ﾠproteins	 ﾠin	 ﾠvitro,	 ﾠ
namely	 ﾠBcl6	 ﾠand	 ﾠFazf	 ﾠ(Dhordain	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠHoatlin	 ﾠet	 ﾠal.,	 ﾠ1999),	 ﾠbut	 ﾠa	 ﾠfunction	 ﾠof	 ﾠ
these	 ﾠdimers	 ﾠhas	 ﾠyet	 ﾠto	 ﾠbe	 ﾠdescribed.	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Downstream	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠis	 ﾠa	 ﾠsecond	 ﾠrepressive	 ﾠdomain	 ﾠknown	 ﾠas	 ﾠ
RD2.	 ﾠ	 ﾠThis	 ﾠdomain	 ﾠrecruits	 ﾠthe	 ﾠcorepressor	 ﾠeight-ﾭ‐twenty	 ﾠone	 ﾠ(ETO),	 ﾠa	 ﾠputative	 ﾠ
transcription	 ﾠfactor	 ﾠwith	 ﾠno	 ﾠknown	 ﾠspecific	 ﾠDNA	 ﾠbinding	 ﾠactivity	 ﾠbut	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠ
affinity	 ﾠfor	 ﾠnuclear	 ﾠcorepressors	 ﾠ(Melnick	 ﾠet	 ﾠal.,	 ﾠ2000c).	 ﾠ	 ﾠMutations	 ﾠwithin	 ﾠthis	 ﾠ
domain	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠaffect	 ﾠthe	 ﾠtranscriptional	 ﾠrepressive	 ﾠactivity	 ﾠof	 ﾠPlzf	 ﾠ
(Kang	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠSeveral	 ﾠlysine	 ﾠresidues	 ﾠaround	 ﾠthe	 ﾠRD2	 ﾠdomain	 ﾠcan	 ﾠbe	 ﾠ
sumoylated	 ﾠand	 ﾠmutating	 ﾠthese	 ﾠresidues	 ﾠsignificantly	 ﾠreduces	 ﾠthe	 ﾠability	 ﾠof	 ﾠPlzf	 ﾠto	 ﾠ
repress	 ﾠtranscription	 ﾠ(Chao	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠ	 ﾠ
As	 ﾠwell	 ﾠas	 ﾠbeing	 ﾠa	 ﾠrepressor,	 ﾠPlzf	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbind	 ﾠdirectly	 ﾠto	 ﾠthe	 ﾠ
promoters	 ﾠof	 ﾠspecific	 ﾠgenes	 ﾠand	 ﾠactivate	 ﾠtranscription	 ﾠ(Hobbs	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠDoulatov	 ﾠ
et	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠThe	 ﾠmechanism	 ﾠthrough	 ﾠwhich	 ﾠPlzf	 ﾠcan	 ﾠactivate	 ﾠgene	 ﾠexpression	 ﾠhas	 ﾠ
not	 ﾠyet	 ﾠbeen	 ﾠelucidated.	 ﾠ	 ﾠEarly	 ﾠstudies	 ﾠof	 ﾠhuman	 ﾠPlzf	 ﾠfound	 ﾠa	 ﾠregion	 ﾠbetween	 ﾠthe	 ﾠ
BTB	 ﾠdomain	 ﾠand	 ﾠRD2	 ﾠdomain	 ﾠthat	 ﾠis	 ﾠrich	 ﾠin	 ﾠacidic	 ﾠresidues	 ﾠand	 ﾠis	 ﾠcapable	 ﾠof	 ﾠ
activating	 ﾠtranscription	 ﾠwhen	 ﾠexpressed	 ﾠalone	 ﾠ(Li	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠThis	 ﾠweak	 ﾠactivating	 ﾠ
activity	 ﾠwas	 ﾠmasked	 ﾠby	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠeither	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠor	 ﾠthe	 ﾠRD2	 ﾠdomain	 ﾠ
and	 ﾠtherefore	 ﾠits	 ﾠactivity	 ﾠis	 ﾠattenuated	 ﾠin	 ﾠthe	 ﾠcomplete	 ﾠprotein.	 ﾠ
The	 ﾠ9	 ﾠC-ﾭ‐teminal	 ﾠzinc	 ﾠfinger	 ﾠdomains	 ﾠof	 ﾠPlzf	 ﾠfacilitate	 ﾠsequence-ﾭ‐specific	 ﾠDNA	 ﾠ
binding	 ﾠto	 ﾠits	 ﾠtarget	 ﾠgenes	 ﾠ(Li	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠA	 ﾠconsensus	 ﾠsequence	 ﾠfor	 ﾠPlzf	 ﾠbinding	 ﾠ
has	 ﾠbeen	 ﾠdescribed	 ﾠas	 ﾠGTAC(T/A)GTAC	 ﾠ(Ball	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠStudies	 ﾠhave	 ﾠ
demonstrated	 ﾠthat	 ﾠthe	 ﾠDNA	 ﾠbinding	 ﾠability	 ﾠof	 ﾠPlzf	 ﾠis	 ﾠwithin	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠ5	 ﾠzinc	 ﾠ
fingers	 ﾠ(Sitterlin	 ﾠet	 ﾠal.,	 ﾠ1997)	 ﾠand	 ﾠin	 ﾠsilico	 ﾠmodels	 ﾠpredict	 ﾠthat	 ﾠzinc	 ﾠfingers	 ﾠ6-ﾭ‐8	 ﾠaccount	 ﾠ
for	 ﾠbinding	 ﾠto	 ﾠthe	 ﾠconsensus	 ﾠsequence,	 ﾠwith	 ﾠthe	 ﾠfinal	 ﾠfinger	 ﾠimportant	 ﾠfor	 ﾠenhancing	 ﾠ
high-ﾭ‐affinity	 ﾠbinding	 ﾠ(Guidez	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠAcetylation	 ﾠof	 ﾠspecific	 ﾠlysine	 ﾠresidues	 ﾠ
within	 ﾠthe	 ﾠfinal	 ﾠzinc	 ﾠfinger	 ﾠby	 ﾠhistone	 ﾠacetyl	 ﾠtransferase	 ﾠp300	 ﾠwas	 ﾠshown	 ﾠto	 ﾠimprove	 ﾠ
DNA	 ﾠbinding	 ﾠ(Guidez	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠAs	 ﾠwell	 ﾠas	 ﾠplaying	 ﾠa	 ﾠrole	 ﾠin	 ﾠDNA	 ﾠbinding,	 ﾠthese	 ﾠ
zinc	 ﾠfingers	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠparticipate	 ﾠin	 ﾠinteractions	 ﾠwith	 ﾠother	 ﾠproteins	 ﾠ
(Tsuzuki	 ﾠand	 ﾠEnver,	 ﾠ2002,	 ﾠMartin	 ﾠet	 ﾠal.,	 ﾠ2003,	 ﾠLin	 ﾠet	 ﾠal.,	 ﾠ2013,	 ﾠRho	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠ	 ﾠ
Plzf	 ﾠfusion	 ﾠproteins	 ﾠare	 ﾠinvolved	 ﾠin	 ﾠacute	 ﾠpromyelocytic	 ﾠleukaemia	 ﾠ
The	 ﾠhuman	 ﾠPLZF	 ﾠgene	 ﾠwas	 ﾠinitially	 ﾠidentified	 ﾠdue	 ﾠto	 ﾠits	 ﾠinvolvement	 ﾠin	 ﾠa	 ﾠrare	 ﾠ
form	 ﾠof	 ﾠacute	 ﾠpromyelocytic	 ﾠleukaemia	 ﾠ(APL)	 ﾠ(Chen	 ﾠet	 ﾠal.,	 ﾠ1993).	 ﾠ	 ﾠThis	 ﾠcancer	 ﾠof	 ﾠthe	 ﾠ
blood	 ﾠand	 ﾠbone	 ﾠmarrow	 ﾠis	 ﾠcharacterized	 ﾠby	 ﾠan	 ﾠabnormal	 ﾠaccumulation	 ﾠof	 ﾠimmature	 ﾠChapter	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Figure	 ﾠ1-ﾭ‐6:	 ﾠPlzf	 ﾠdomains	 ﾠand	 ﾠepigenetic	 ﾠmodifications	 ﾠ
a:	 ﾠThe	 ﾠPlzf	 ﾠprotein	 ﾠis	 ﾠcomposed	 ﾠof	 ﾠseveral	 ﾠfunctional	 ﾠdomains.	 ﾠ	 ﾠAt	 ﾠthe	 ﾠN-ﾭ‐terminus,	 ﾠ
the	 ﾠBTB	 ﾠdomain	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠprotein	 ﾠmultimerisation	 ﾠand	 ﾠchromatin	 ﾠ
remodelling	 ﾠthrough	 ﾠthe	 ﾠrecruitment	 ﾠof	 ﾠcorepressors.	 ﾠ	 ﾠA	 ﾠsecond	 ﾠrepressive	 ﾠdomain,	 ﾠ
RD2,	 ﾠis	 ﾠlocated	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠdomain.	 ﾠ	 ﾠAt	 ﾠthe	 ﾠC-ﾭ‐terminus,	 ﾠ9	 ﾠzinc	 ﾠfinger	 ﾠ
motifs	 ﾠare	 ﾠresponsible	 ﾠfor	 ﾠsequence	 ﾠspecific	 ﾠDNA	 ﾠbinding.	 ﾠ	 ﾠThe	 ﾠarrow	 ﾠindicates	 ﾠthe	 ﾠ
position	 ﾠin	 ﾠthe	 ﾠprotein	 ﾠthat	 ﾠacts	 ﾠas	 ﾠa	 ﾠjunction	 ﾠpoint	 ﾠfor	 ﾠfusion	 ﾠwith	 ﾠRARα	 ﾠin	 ﾠacute	 ﾠ
promyelocytic	 ﾠleukaemia.	 ﾠ
b:	 ﾠCrystal	 ﾠstructure	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠfrom	 ﾠtwo	 ﾠPlzf	 ﾠproteins	 ﾠforming	 ﾠa	 ﾠdimer.	 ﾠ	 ﾠThe	 ﾠ
arrow	 ﾠindicates	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠcharged	 ﾠpocket	 ﾠthrough	 ﾠwhich	 ﾠcorepressors	 ﾠcan	 ﾠ
bind.	 ﾠ	 ﾠFigure	 ﾠadapted	 ﾠfrom	 ﾠLi	 ﾠet	 ﾠal.	 ﾠ(1999).	 ﾠ
c:	 ﾠCartoon	 ﾠdepicting	 ﾠability	 ﾠof	 ﾠPlzf	 ﾠto	 ﾠinduce	 ﾠepigenetic	 ﾠmodifications	 ﾠassociated	 ﾠwith	 ﾠ
transcriptional	 ﾠrepression.	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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myeloid	 ﾠcells.	 ﾠ	 ﾠIt	 ﾠis	 ﾠcaused	 ﾠby	 ﾠa	 ﾠchromosomal	 ﾠtranslocation	 ﾠthat	 ﾠfuses	 ﾠpart	 ﾠof	 ﾠthe	 ﾠ
retinoic	 ﾠacid	 ﾠreceptor	 ﾠα	 ﾠ(RARα)	 ﾠgene	 ﾠto	 ﾠone	 ﾠof	 ﾠfive	 ﾠfusion	 ﾠpartners,	 ﾠincluding	 ﾠPlzf	 ﾠ(Lin	 ﾠ
et	 ﾠal.,	 ﾠ2001)	 ﾠ(Figure	 ﾠ1-ﾭ‐6a).	 ﾠ	 ﾠRARα	 ﾠacts	 ﾠas	 ﾠa	 ﾠtranscriptional	 ﾠactivator	 ﾠand	 ﾠthe	 ﾠtwo	 ﾠ
reciprocal	 ﾠfusion	 ﾠproducts,	 ﾠPlzf-ﾭ‐RARα	 ﾠand	 ﾠRARα-ﾭ‐Plzf,	 ﾠrepress	 ﾠgenes	 ﾠnormally	 ﾠ
activated	 ﾠby	 ﾠRARα	 ﾠand	 ﾠactivate	 ﾠgenes	 ﾠnormally	 ﾠrepressed	 ﾠby	 ﾠPlzf	 ﾠrespectively	 ﾠ(Lin	 ﾠet	 ﾠ
al.,	 ﾠ2001).	 ﾠ
Most	 ﾠforms	 ﾠof	 ﾠAPL	 ﾠresult	 ﾠin	 ﾠthe	 ﾠrecruitment	 ﾠof	 ﾠthe	 ﾠrepressive	 ﾠpolycomb	 ﾠ
complex	 ﾠ2	 ﾠto	 ﾠretinoic	 ﾠacid	 ﾠtarget	 ﾠgenes	 ﾠ(Villa	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠPatients	 ﾠwith	 ﾠthese	 ﾠforms	 ﾠ
of	 ﾠthe	 ﾠdisease	 ﾠare	 ﾠsensitive	 ﾠto	 ﾠtreatment	 ﾠby	 ﾠall-ﾭ‐trans	 ﾠretinoic	 ﾠacid,	 ﾠacting	 ﾠto	 ﾠrelease	 ﾠ
the	 ﾠcomplex	 ﾠfrom	 ﾠthe	 ﾠtarget	 ﾠgenes,	 ﾠand	 ﾠthe	 ﾠpatients	 ﾠundergo	 ﾠcomplete	 ﾠremission.	 ﾠ	 ﾠ
Unlike	 ﾠtypical	 ﾠAPL,	 ﾠthe	 ﾠtranscriptional	 ﾠrepression	 ﾠcaused	 ﾠby	 ﾠthe	 ﾠPlzf-ﾭ‐RARα	 ﾠfusion	 ﾠ
product	 ﾠis	 ﾠresistant	 ﾠto	 ﾠthis	 ﾠtreatment	 ﾠ(Licht	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠA	 ﾠpotential	 ﾠexplanation	 ﾠfor	 ﾠ
this	 ﾠcame	 ﾠfrom	 ﾠthe	 ﾠfinding	 ﾠthat	 ﾠboth	 ﾠPlzf	 ﾠand	 ﾠPlzf-ﾭ‐RARα	 ﾠbind	 ﾠBMI-ﾭ‐1	 ﾠand	 ﾠrecruit	 ﾠ
polycomb	 ﾠcomplex	 ﾠ1	 ﾠto	 ﾠinteract	 ﾠwith	 ﾠretinoic	 ﾠacid	 ﾠresponse	 ﾠelements	 ﾠ(Boukarabila	 ﾠet	 ﾠ
al.,	 ﾠ2009).	 ﾠ	 ﾠThis	 ﾠstable,	 ﾠrepressive	 ﾠcomplex	 ﾠis	 ﾠnot	 ﾠremoved	 ﾠfollowing	 ﾠtreatment	 ﾠwith	 ﾠ
retinoic	 ﾠacid	 ﾠand	 ﾠpatient	 ﾠprognosis	 ﾠis	 ﾠaccordingly	 ﾠpoor.	 ﾠ
Plzf	 ﾠinduces	 ﾠepigenetic	 ﾠmodifications	 ﾠ
Within	 ﾠthe	 ﾠnucleus,	 ﾠDNA	 ﾠis	 ﾠpackaged	 ﾠinto	 ﾠnucleosomes	 ﾠby	 ﾠwrapping	 ﾠthe	 ﾠ
negatively	 ﾠcharged	 ﾠDNA	 ﾠstrands	 ﾠaround	 ﾠpositively	 ﾠcharged	 ﾠhistone	 ﾠproteins.	 ﾠ	 ﾠThe	 ﾠ
folding	 ﾠof	 ﾠDNA	 ﾠwithin	 ﾠthese	 ﾠstructures	 ﾠcan	 ﾠalter	 ﾠthe	 ﾠaccessibility	 ﾠto	 ﾠthe	 ﾠgenetic	 ﾠlocus	 ﾠ
and	 ﾠtherefore	 ﾠcontribute	 ﾠto	 ﾠtranscriptional	 ﾠcontrol	 ﾠ(Wolffe	 ﾠand	 ﾠGuschin,	 ﾠ2000).	 ﾠ	 ﾠOne	 ﾠ
of	 ﾠthe	 ﾠmajor	 ﾠmechanisms	 ﾠby	 ﾠwhich	 ﾠthis	 ﾠis	 ﾠaffected	 ﾠis	 ﾠthrough	 ﾠchanging	 ﾠthe	 ﾠoverall	 ﾠ
charge	 ﾠon	 ﾠthe	 ﾠhistones	 ﾠby	 ﾠdynamic	 ﾠaddition	 ﾠand	 ﾠremoval	 ﾠof	 ﾠacetyl	 ﾠmoieties	 ﾠto	 ﾠlysine	 ﾠ
residues,	 ﾠcarried	 ﾠout	 ﾠby	 ﾠtwo	 ﾠclasses	 ﾠof	 ﾠenzymes:	 ﾠacetyl	 ﾠtransferases	 ﾠand	 ﾠHDACs	 ﾠ
respectively.	 ﾠ	 ﾠThe	 ﾠaction	 ﾠof	 ﾠHDACs	 ﾠresults	 ﾠin	 ﾠtighter	 ﾠpacking	 ﾠof	 ﾠDNA	 ﾠand	 ﾠis	 ﾠassociated	 ﾠ
with	 ﾠtranscriptional	 ﾠrepression	 ﾠ(Gallinari	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠ
Early	 ﾠstudies	 ﾠrevealed	 ﾠthat	 ﾠboth	 ﾠPlzf	 ﾠand	 ﾠthe	 ﾠfusion	 ﾠprotein	 ﾠPlzf-ﾭ‐RARα	 ﾠare	 ﾠ
able	 ﾠinteract	 ﾠwith	 ﾠHDACs	 ﾠand	 ﾠtherefore	 ﾠit	 ﾠwas	 ﾠhypothesised	 ﾠthat	 ﾠit	 ﾠwas	 ﾠthrough	 ﾠthis	 ﾠ
mechanism	 ﾠthat	 ﾠPlzf	 ﾠcould	 ﾠrepress	 ﾠtranscription	 ﾠat	 ﾠtarget	 ﾠgenes	 ﾠ(Lin	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠ	 ﾠ
The	 ﾠinteraction	 ﾠgroove	 ﾠformed	 ﾠupon	 ﾠPlzf	 ﾠdimerisation	 ﾠresults	 ﾠin	 ﾠa	 ﾠhighly	 ﾠconserved	 ﾠ
alignment	 ﾠof	 ﾠcharged	 ﾠresidues	 ﾠ(Figure	 ﾠ1-ﾭ‐6b),	 ﾠwhich	 ﾠare	 ﾠable	 ﾠto	 ﾠbind	 ﾠdirectly	 ﾠto	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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nuclear	 ﾠcorepressors	 ﾠN-ﾭ‐CoR	 ﾠand	 ﾠSMRT,	 ﾠwhich	 ﾠin	 ﾠturn	 ﾠcan	 ﾠrecruit	 ﾠHDAC1	 ﾠand	 ﾠHDAC4	 ﾠ
(David	 ﾠet	 ﾠal.,	 ﾠ1998,	 ﾠMelnick	 ﾠet	 ﾠal.,	 ﾠ2000a,	 ﾠChauchereau	 ﾠet	 ﾠal.,	 ﾠ2004)	 ﾠ(Figure	 ﾠ1-ﾭ‐6c).	 ﾠ	 ﾠ
Furthermore,	 ﾠit	 ﾠhas	 ﾠbeen	 ﾠdemonstrated	 ﾠthat	 ﾠinteraction	 ﾠwith	 ﾠETO	 ﾠthrough	 ﾠthe	 ﾠRD2	 ﾠ
domain	 ﾠrecruits	 ﾠHDAC	 ﾠproteins	 ﾠ(Melnick	 ﾠet	 ﾠal.,	 ﾠ2000b).	 ﾠ	 ﾠThe	 ﾠimportance	 ﾠof	 ﾠforming	 ﾠ
these	 ﾠcomplexes	 ﾠto	 ﾠmediate	 ﾠtranscriptional	 ﾠrepression	 ﾠwas	 ﾠdemonstrated	 ﾠby	 ﾠ
showing	 ﾠthat	 ﾠPlzf	 ﾠactivity	 ﾠis	 ﾠsensitive	 ﾠto	 ﾠHDAC	 ﾠinhibitors	 ﾠ(David	 ﾠet	 ﾠal.,	 ﾠ1998)	 ﾠand	 ﾠby	 ﾠ
knocking	 ﾠdown	 ﾠHDAC	 ﾠfunction	 ﾠ(Chauchereau	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠIn	 ﾠboth	 ﾠstudies	 ﾠit	 ﾠwas	 ﾠ
found	 ﾠthat	 ﾠsome	 ﾠresidual	 ﾠrepressive	 ﾠactivity	 ﾠremains,	 ﾠsuggesting	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠalso	 ﾠable	 ﾠ
to	 ﾠrepress	 ﾠtranscription	 ﾠthrough	 ﾠother	 ﾠmeans.	 ﾠ	 ﾠ	 ﾠ
Involvement	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠ
In	 ﾠmany	 ﾠtissues,	 ﾠPlzf	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠinhibition	 ﾠof	 ﾠcell-ﾭ‐cycle	 ﾠprogression	 ﾠ
and	 ﾠdifferentiation,	 ﾠthus	 ﾠmaintaining	 ﾠa	 ﾠquiescent	 ﾠstate	 ﾠof	 ﾠprogenitor	 ﾠcells.	 ﾠ	 ﾠCyclins	 ﾠ
are	 ﾠproteins	 ﾠthat	 ﾠregulate	 ﾠthe	 ﾠprogression	 ﾠof	 ﾠcells	 ﾠthrough	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠthrough	 ﾠthe	 ﾠ
activation	 ﾠof	 ﾠcyclin-ﾭ‐dependent	 ﾠkinases	 ﾠ(Murray,	 ﾠ2004).	 ﾠ	 ﾠStudies	 ﾠin	 ﾠcultured	 ﾠmurine	 ﾠ
myeloid	 ﾠcells	 ﾠhave	 ﾠdemonstrated	 ﾠthat	 ﾠPlzf	 ﾠrepresses	 ﾠcell	 ﾠcycle	 ﾠprogression,	 ﾠcausing	 ﾠ
cells	 ﾠto	 ﾠaccumulate	 ﾠduring	 ﾠS	 ﾠphase,	 ﾠand	 ﾠidentified	 ﾠdirect	 ﾠinhibition	 ﾠof	 ﾠthe	 ﾠCyclinA2	 ﾠ
(Ccna2)	 ﾠgene	 ﾠas	 ﾠthe	 ﾠcause	 ﾠ(Shaknovich	 ﾠet	 ﾠal.,	 ﾠ1998,	 ﾠYeyati	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠPlzf	 ﾠis	 ﾠalso	 ﾠ
able	 ﾠto	 ﾠspecifically	 ﾠinteract	 ﾠwith	 ﾠretinoblastoma	 ﾠprotein,	 ﾠleading	 ﾠto	 ﾠrepression	 ﾠof	 ﾠ
both	 ﾠPlzf	 ﾠand	 ﾠretinoblastoma	 ﾠspecific	 ﾠtarget	 ﾠgenes	 ﾠinvolved	 ﾠin	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠsuch	 ﾠas	 ﾠ
Cdc6	 ﾠ(Petrie	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ
There	 ﾠis	 ﾠevidence	 ﾠto	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠrole	 ﾠPlzf	 ﾠhas	 ﾠin	 ﾠaffecting	 ﾠproliferation	 ﾠis	 ﾠ
context	 ﾠand	 ﾠcell-ﾭ‐type	 ﾠdependent.	 ﾠ	 ﾠDespite	 ﾠthe	 ﾠnegative	 ﾠregulation	 ﾠof	 ﾠcell	 ﾠcycle	 ﾠ
progression	 ﾠby	 ﾠPlzf,	 ﾠstudies	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠhighly	 ﾠexpressed	 ﾠin	 ﾠboth	 ﾠ
quiescent	 ﾠand	 ﾠhighly	 ﾠproliferative	 ﾠcells	 ﾠduring	 ﾠhematopoietic	 ﾠdevelopment	 ﾠ(Dai	 ﾠet	 ﾠ
al.,	 ﾠ2002).	 ﾠ	 ﾠCyclin	 ﾠdependent	 ﾠkinase	 ﾠ2	 ﾠ(Cdk2)	 ﾠis	 ﾠable	 ﾠto	 ﾠphosphorylate	 ﾠPlzf	 ﾠat	 ﾠtwo	 ﾠ
separate	 ﾠsites,	 ﾠtriggering	 ﾠits	 ﾠdegradation	 ﾠand	 ﾠthereby	 ﾠpromoting	 ﾠproliferation	 ﾠ
(Costoya	 ﾠet	 ﾠal.,	 ﾠ2008),	 ﾠwhereas	 ﾠCdk1	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠphosphorylate	 ﾠthe	 ﾠsame	 ﾠ
sites	 ﾠand	 ﾠbind	 ﾠto	 ﾠDNA	 ﾠin	 ﾠa	 ﾠcomplex	 ﾠwith	 ﾠPlzf	 ﾠ(Ball	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠPlzf	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠ
in	 ﾠvitro	 ﾠto	 ﾠtransiently	 ﾠbind	 ﾠthe	 ﾠc-ﾭ‐Myc	 ﾠpromoter,	 ﾠwhere	 ﾠin	 ﾠdifferent	 ﾠstudies	 ﾠit	 ﾠhas	 ﾠbeen	 ﾠ
shown	 ﾠto	 ﾠdirectly	 ﾠrepress	 ﾠ(Mcconnell	 ﾠet	 ﾠal.,	 ﾠ2003)	 ﾠor	 ﾠdrive	 ﾠexpression	 ﾠ(Doulatov	 ﾠet	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
	 ﾠ 46	 ﾠ
al.,	 ﾠ2009);	 ﾠhowever,	 ﾠin	 ﾠvivo	 ﾠexperiments	 ﾠhave	 ﾠfailed	 ﾠto	 ﾠreplicate	 ﾠthese	 ﾠfindings	 ﾠ
(Costoya	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ
Experiments	 ﾠin	 ﾠcultured	 ﾠmyeloid	 ﾠcells	 ﾠhave	 ﾠdescribed	 ﾠan	 ﾠincrease	 ﾠin	 ﾠapoptosis	 ﾠ
upon	 ﾠPlzf	 ﾠoverexpression	 ﾠ(Shaknovich	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠ	 ﾠFurther	 ﾠstudies	 ﾠrevealed	 ﾠa	 ﾠ
downregulation	 ﾠin	 ﾠanti-ﾭ‐apoptotic	 ﾠgenes	 ﾠcoding	 ﾠproteins	 ﾠsuch	 ﾠas	 ﾠTERT,	 ﾠand	 ﾠan	 ﾠ
increase	 ﾠin	 ﾠinducers	 ﾠof	 ﾠapoptosis,	 ﾠsuch	 ﾠas	 ﾠTp53inp1,	 ﾠId1	 ﾠand	 ﾠId3	 ﾠupon	 ﾠexpression	 ﾠof	 ﾠ
Plzf	 ﾠ(Bernardo	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠIn	 ﾠcancer	 ﾠcell	 ﾠlines,	 ﾠoverexpression	 ﾠof	 ﾠPlzf	 ﾠresults	 ﾠin	 ﾠan	 ﾠ
upregulation	 ﾠof	 ﾠactivated	 ﾠcaspase-ﾭ‐3,	 ﾠresulting	 ﾠin	 ﾠcell	 ﾠapoptosis	 ﾠ(Rho	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠAs	 ﾠ
well	 ﾠas	 ﾠthis,	 ﾠexperiments	 ﾠin	 ﾠlymphoid,	 ﾠspermatogonial	 ﾠand	 ﾠneural	 ﾠcells	 ﾠhave	 ﾠ
demonstrated	 ﾠan	 ﾠincrease	 ﾠin	 ﾠcell	 ﾠdeath	 ﾠupon	 ﾠloss	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠ(Costoya	 ﾠet	 ﾠal.,	 ﾠ
2004,	 ﾠParrado	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠGaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
Animal	 ﾠmodels	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠ
A	 ﾠknockout	 ﾠmouse	 ﾠfor	 ﾠPlzf	 ﾠwas	 ﾠgenerated	 ﾠin	 ﾠ2000,	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠsecond	 ﾠexon	 ﾠ
was	 ﾠreplaced	 ﾠwith	 ﾠthe	 ﾠneomyocin	 ﾠresistance	 ﾠgene	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠ	 ﾠAs	 ﾠwell	 ﾠas	 ﾠ
this	 ﾠgenerated	 ﾠmutant,	 ﾠa	 ﾠmouse	 ﾠcarrying	 ﾠthe	 ﾠluxoid	 ﾠmutation	 ﾠthat	 ﾠhad	 ﾠspontaneously	 ﾠ
arisen	 ﾠ50	 ﾠyears	 ﾠpreviously	 ﾠwas	 ﾠlater	 ﾠmapped	 ﾠto	 ﾠthe	 ﾠPlzf	 ﾠgene	 ﾠ(Buaas	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠ
Both	 ﾠmice	 ﾠwere	 ﾠviable	 ﾠand	 ﾠdisplayed	 ﾠpatterning	 ﾠdefects	 ﾠin	 ﾠboth	 ﾠthe	 ﾠlimb	 ﾠand	 ﾠaxial	 ﾠ
skeleton,	 ﾠincluding	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠextra	 ﾠand	 ﾠtransformed	 ﾠdigits,	 ﾠand	 ﾠthe	 ﾠmales	 ﾠwere	 ﾠ
found	 ﾠto	 ﾠbe	 ﾠsterile	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠBuaas	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠA	 ﾠhuman	 ﾠpatient	 ﾠwith	 ﾠa	 ﾠ
biallelic	 ﾠloss	 ﾠof	 ﾠfunction	 ﾠof	 ﾠPlzf	 ﾠhas	 ﾠbeen	 ﾠdescribed	 ﾠ(Fischer	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThe	 ﾠpatient	 ﾠ
displayed	 ﾠclinical	 ﾠsymptoms	 ﾠsuch	 ﾠas	 ﾠsevere	 ﾠskeletal	 ﾠdefects	 ﾠand	 ﾠgenital	 ﾠhypoplasia	 ﾠ
reminiscent	 ﾠof	 ﾠthe	 ﾠPlzf-ﾭ‐deficient	 ﾠmice,	 ﾠalong	 ﾠwith	 ﾠmental	 ﾠretardation,	 ﾠcraniofacial	 ﾠ
defects	 ﾠand	 ﾠmicrocephaly.	 ﾠ	 ﾠ
Plzf	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠa	 ﾠrange	 ﾠof	 ﾠtissues	 ﾠ
Expression	 ﾠof	 ﾠPlzf	 ﾠwas	 ﾠfirst	 ﾠstudied	 ﾠwithin	 ﾠthe	 ﾠhematopoietic	 ﾠsystem.	 ﾠ
Haematopoietic	 ﾠstem	 ﾠcells	 ﾠarise	 ﾠwithin	 ﾠthe	 ﾠbone	 ﾠmarrow	 ﾠand	 ﾠgenerate	 ﾠcells	 ﾠof	 ﾠeither	 ﾠ
the	 ﾠmyeloid	 ﾠor	 ﾠlymphoid	 ﾠlineage	 ﾠ(Kondo,	 ﾠ2010).	 ﾠ	 ﾠMyeloid	 ﾠprogenitor	 ﾠcells	 ﾠisolated	 ﾠ
from	 ﾠthe	 ﾠbone	 ﾠmarrow	 ﾠwere	 ﾠfound	 ﾠto	 ﾠexpress	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠPlzf	 ﾠand	 ﾠexpression	 ﾠ
declined	 ﾠas	 ﾠthe	 ﾠcells	 ﾠbecame	 ﾠrestricted	 ﾠtowards	 ﾠterminal	 ﾠdifferentiation	 ﾠof	 ﾠmost	 ﾠ
lineages	 ﾠ(Reid	 ﾠet	 ﾠal.,	 ﾠ1995,	 ﾠDoulatov	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠThis	 ﾠwas	 ﾠfound	 ﾠnot	 ﾠto	 ﾠbe	 ﾠthe	 ﾠcase	 ﾠ
for	 ﾠmegakaryocytic	 ﾠdevelopment,	 ﾠwhere	 ﾠPlzf	 ﾠexpression	 ﾠincreases	 ﾠduring	 ﾠChapter	 ﾠ1:	 ﾠIntroduction	 ﾠ
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differentiation,	 ﾠsuggesting	 ﾠthat	 ﾠPlzf	 ﾠcan	 ﾠexert	 ﾠlineage-ﾭ‐specific	 ﾠeffects	 ﾠ(Labbaye	 ﾠet	 ﾠal.,	 ﾠ
2002).	 ﾠ	 ﾠWithin	 ﾠthe	 ﾠlymphoid	 ﾠlineage,	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠinitially	 ﾠlow	 ﾠuntil	 ﾠit	 ﾠis	 ﾠinduced	 ﾠ
immediately	 ﾠafter	 ﾠselection	 ﾠof	 ﾠthe	 ﾠnatural	 ﾠkiller	 ﾠT	 ﾠcells,	 ﾠand	 ﾠsubsequently	 ﾠdecreasing	 ﾠ
during	 ﾠterminal	 ﾠdifferentiation	 ﾠ(Savage	 ﾠet	 ﾠal.,	 ﾠ2008,	 ﾠKovalovsky	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ	 ﾠ
During	 ﾠmouse	 ﾠembryogenesis,	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠlimb	 ﾠ
buds	 ﾠof	 ﾠboth	 ﾠthe	 ﾠforelimb	 ﾠand	 ﾠhindlimb	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠHigh	 ﾠlevels	 ﾠof	 ﾠ
expression	 ﾠwere	 ﾠfound	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠCNS,	 ﾠdescribed	 ﾠin	 ﾠmore	 ﾠdetail	 ﾠlater.	 ﾠ	 ﾠDuring	 ﾠ
postnatal	 ﾠdevelopment,	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠPlzf	 ﾠexpression	 ﾠare	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠ
quiescent	 ﾠspermatogonial	 ﾠprogenitors;	 ﾠits	 ﾠexpression	 ﾠlater	 ﾠdecreases	 ﾠduring	 ﾠ
differentiation	 ﾠinto	 ﾠmature	 ﾠsperm	 ﾠcells	 ﾠ(Costoya	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠHobbs	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
Our	 ﾠknowledge	 ﾠof	 ﾠwhich	 ﾠgenes	 ﾠare	 ﾠresponsible	 ﾠfor	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠlimited.	 ﾠ	 ﾠ
In	 ﾠdeveloping	 ﾠnatural	 ﾠkiller	 ﾠT	 ﾠcells,	 ﾠthe	 ﾠtranscription	 ﾠfactor	 ﾠEgr2	 ﾠ(Krox20)	 ﾠbinds	 ﾠand	 ﾠ
activates	 ﾠthe	 ﾠPlzf	 ﾠpromoter	 ﾠ(Seiler	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠWithin	 ﾠthis	 ﾠcell	 ﾠlineage,	 ﾠT	 ﾠcell	 ﾠ
receptor-ﾭ‐mediated	 ﾠsignalling	 ﾠhas	 ﾠbeen	 ﾠimplicated	 ﾠin	 ﾠinducing	 ﾠPlzf	 ﾠexpression	 ﾠ
(Kovalovsky	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠStudies	 ﾠin	 ﾠhuman	 ﾠmyeloid	 ﾠcells	 ﾠfound	 ﾠthat	 ﾠthe	 ﾠzinc	 ﾠfinger	 ﾠ
protein	 ﾠEVI-ﾭ‐1	 ﾠis	 ﾠessential	 ﾠfor	 ﾠthe	 ﾠactivity	 ﾠof	 ﾠthe	 ﾠPlzf	 ﾠpromoter	 ﾠ(Takahashi	 ﾠand	 ﾠLicht,	 ﾠ
2002).	 ﾠ	 ﾠSeveral	 ﾠconserved	 ﾠnoncoding	 ﾠelements	 ﾠwithin	 ﾠthe	 ﾠsecond	 ﾠintron	 ﾠof	 ﾠPlzf	 ﾠhave	 ﾠ
been	 ﾠidentified	 ﾠwhich,	 ﾠupon	 ﾠdeletion	 ﾠwithin	 ﾠthe	 ﾠrat	 ﾠgenome,	 ﾠresult	 ﾠin	 ﾠdecreased	 ﾠ
expression	 ﾠin	 ﾠthe	 ﾠlimb	 ﾠbuds	 ﾠwithout	 ﾠaffecting	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠ
(Liska	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ
Nuclear	 ﾠexpression	 ﾠof	 ﾠPlzf	 ﾠ
Plzf	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠcell	 ﾠnuclei,	 ﾠlocalised	 ﾠin	 ﾠa	 ﾠpunctate	 ﾠpattern	 ﾠwithin	 ﾠnuclear	 ﾠ
bodies	 ﾠ(Koken	 ﾠet	 ﾠal.,	 ﾠ1997,	 ﾠReid	 ﾠet	 ﾠal.,	 ﾠ1995,	 ﾠRuthardt	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠ	 ﾠConsistent	 ﾠwith	 ﾠa	 ﾠ
role	 ﾠin	 ﾠtranscriptional	 ﾠregulation,	 ﾠremoving	 ﾠPlzf	 ﾠfrom	 ﾠthe	 ﾠnucleus	 ﾠresults	 ﾠin	 ﾠa	 ﾠloss	 ﾠof	 ﾠ
its	 ﾠability	 ﾠto	 ﾠrepress	 ﾠtarget	 ﾠgenes	 ﾠ(Nanba	 ﾠet	 ﾠal.,	 ﾠ2003,	 ﾠDoulatov	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠ
Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠRemoving	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠwas	 ﾠshown	 ﾠto	 ﾠtranslocate	 ﾠPlzf	 ﾠ
from	 ﾠthe	 ﾠnucleus	 ﾠand	 ﾠcause	 ﾠredistribution	 ﾠto	 ﾠthe	 ﾠcytoplasm	 ﾠ(Dong	 ﾠet	 ﾠal.,	 ﾠ1996).	 ﾠ	 ﾠ
Similarly,	 ﾠthe	 ﾠisoform	 ﾠlacking	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠis	 ﾠlocalised	 ﾠto	 ﾠthe	 ﾠcytoplasm,	 ﾠwhere	 ﾠit	 ﾠ
has	 ﾠa	 ﾠrole	 ﾠrelated	 ﾠto	 ﾠcell	 ﾠadhesion	 ﾠthat	 ﾠis	 ﾠindependent	 ﾠof	 ﾠtranscriptional	 ﾠrepression	 ﾠ
(Jones	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	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The	 ﾠaddition	 ﾠof	 ﾠubiquitin	 ﾠmoieties	 ﾠto	 ﾠspecific	 ﾠsites	 ﾠwithin	 ﾠthe	 ﾠPlzf	 ﾠprotein	 ﾠby	 ﾠ
posttranslational	 ﾠmodification	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠresult	 ﾠin	 ﾠPlzf	 ﾠbeing	 ﾠequally	 ﾠ
distributed	 ﾠbetween	 ﾠthe	 ﾠnucleus	 ﾠand	 ﾠcytoplasm	 ﾠ(Kang	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠIn	 ﾠmyeloid	 ﾠcells,	 ﾠ
cytokines	 ﾠinduced	 ﾠupon	 ﾠa	 ﾠstress	 ﾠresponse,	 ﾠsuch	 ﾠas	 ﾠinterleukin	 ﾠ3,	 ﾠresult	 ﾠin	 ﾠnuclear	 ﾠ
export	 ﾠand	 ﾠinactivation	 ﾠof	 ﾠPlzf	 ﾠ(Doulatov	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠPlzf	 ﾠwas	 ﾠfound	 ﾠto	 ﾠphysically	 ﾠ
interact	 ﾠwith	 ﾠthe	 ﾠzinc	 ﾠfinger	 ﾠprotein	 ﾠSal-ﾭ‐like	 ﾠprotein	 ﾠ4	 ﾠ(Sall4)	 ﾠ(Hobbs	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ
When	 ﾠexpressed	 ﾠalone,	 ﾠSall4	 ﾠand	 ﾠPlzf	 ﾠare	 ﾠlocalised	 ﾠto	 ﾠdifferent	 ﾠregions	 ﾠof	 ﾠthe	 ﾠ
chromatin	 ﾠwithin	 ﾠthe	 ﾠnucleus.	 ﾠ	 ﾠThe	 ﾠauthors	 ﾠfound	 ﾠthat	 ﾠif	 ﾠeither	 ﾠprotein	 ﾠis	 ﾠexpressed	 ﾠ
at	 ﾠhigher	 ﾠlevels	 ﾠthan	 ﾠthe	 ﾠother,	 ﾠit	 ﾠwas	 ﾠable	 ﾠto	 ﾠredirect	 ﾠthe	 ﾠlocalisation	 ﾠof	 ﾠthe	 ﾠ
corresponding	 ﾠprotein.	 ﾠ	 ﾠThe	 ﾠexpression	 ﾠlevel	 ﾠof	 ﾠeither	 ﾠprotein	 ﾠtherefore	 ﾠdictates	 ﾠ
their	 ﾠlocalisation	 ﾠto	 ﾠdifferent	 ﾠsubnuclear	 ﾠdomains.	 ﾠ
Biological	 ﾠfunctions	 ﾠof	 ﾠPlzf	 ﾠ
The	 ﾠstriking	 ﾠpatterning	 ﾠdefects	 ﾠof	 ﾠthe	 ﾠPlzf	 ﾠnull	 ﾠmouse	 ﾠwere	 ﾠaccompanied	 ﾠby	 ﾠ
mis-ﾭ‐expression	 ﾠof	 ﾠthe	 ﾠHoxD	 ﾠgene	 ﾠcomplex	 ﾠin	 ﾠthe	 ﾠhindlimb	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠPlzf	 ﾠ
was	 ﾠfound	 ﾠto	 ﾠbind	 ﾠmultiple	 ﾠsites	 ﾠwithin	 ﾠpreviously	 ﾠidentified	 ﾠcis	 ﾠregulatory	 ﾠelements	 ﾠ
of	 ﾠHoxd11	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠPlzf	 ﾠmediates	 ﾠlong-ﾭ‐range	 ﾠinteractions	 ﾠby	 ﾠDNA	 ﾠ
looping,	 ﾠbringing	 ﾠthe	 ﾠmultiple	 ﾠbinding	 ﾠsites	 ﾠspatially	 ﾠcloser,	 ﾠand	 ﾠinteracts	 ﾠwith	 ﾠthe	 ﾠ
Polycomb	 ﾠprotein	 ﾠfamily	 ﾠmember	 ﾠBmi-ﾭ‐1,	 ﾠresulting	 ﾠin	 ﾠchromatin	 ﾠremodelling	 ﾠ(Barna	 ﾠ
et	 ﾠal.,	 ﾠ2002,	 ﾠBoukarabila	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠOther	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠHoxD	 ﾠgene	 ﾠcomplex	 ﾠ
were	 ﾠshown	 ﾠto	 ﾠcontain	 ﾠPlzf	 ﾠbinding	 ﾠsites	 ﾠsuggesting	 ﾠthat	 ﾠPlzf	 ﾠcontrols	 ﾠthe	 ﾠspatial	 ﾠ
expression	 ﾠof	 ﾠthese	 ﾠgenes	 ﾠin	 ﾠthe	 ﾠlimb	 ﾠbud.	 ﾠ
In	 ﾠmales,	 ﾠa	 ﾠpool	 ﾠof	 ﾠgermline	 ﾠstem	 ﾠcells	 ﾠmust	 ﾠremain	 ﾠavailable	 ﾠthroughout	 ﾠ
sexual	 ﾠmaturity	 ﾠin	 ﾠorder	 ﾠto	 ﾠcontinue	 ﾠto	 ﾠproduce	 ﾠsperm	 ﾠcells	 ﾠ(Kotaja	 ﾠand	 ﾠSassone-ﾭ‐
Corsi,	 ﾠ2004).	 ﾠ	 ﾠPlzf	 ﾠwas	 ﾠfound	 ﾠto	 ﾠbe	 ﾠrestricted	 ﾠto	 ﾠthe	 ﾠundifferentiated,	 ﾠprogenitor-ﾭ‐like	 ﾠ
spermatogonia	 ﾠof	 ﾠthe	 ﾠtestes	 ﾠthat	 ﾠhave	 ﾠarisen	 ﾠfrom	 ﾠthe	 ﾠprimordial	 ﾠgerm	 ﾠcells	 ﾠduring	 ﾠ
mouse	 ﾠembryogenesis	 ﾠ(Costoya	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠThe	 ﾠsterility	 ﾠof	 ﾠthe	 ﾠknockout	 ﾠmouse	 ﾠ
was	 ﾠfound	 ﾠto	 ﾠbe	 ﾠdue	 ﾠto	 ﾠa	 ﾠprogressive	 ﾠloss	 ﾠof	 ﾠspermatogonia	 ﾠwith	 ﾠage,	 ﾠcaused	 ﾠby	 ﾠan	 ﾠ
initial	 ﾠburst	 ﾠof	 ﾠincreased	 ﾠproliferative	 ﾠactivity	 ﾠleading	 ﾠto	 ﾠa	 ﾠdepletion	 ﾠof	 ﾠthe	 ﾠgermline	 ﾠ
stem	 ﾠcells	 ﾠ(Buaas	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠCostoya	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠan	 ﾠ
essential	 ﾠregulator	 ﾠof	 ﾠspermatogonial	 ﾠstem	 ﾠcell	 ﾠmaintenance	 ﾠand	 ﾠself-ﾭ‐renewal	 ﾠ
(Kotaja	 ﾠand	 ﾠSassone-ﾭ‐Corsi,	 ﾠ2004).	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Several	 ﾠtargets	 ﾠof	 ﾠPlzf,	 ﾠboth	 ﾠdirect	 ﾠand	 ﾠindirect	 ﾠhave	 ﾠbeen	 ﾠidentified	 ﾠto	 ﾠbe	 ﾠ
important	 ﾠduring	 ﾠmouse	 ﾠspermatogenesis.	 ﾠ	 ﾠThe	 ﾠincrease	 ﾠin	 ﾠproliferation	 ﾠupon	 ﾠloss	 ﾠof	 ﾠ
Plzf	 ﾠwas	 ﾠlinked	 ﾠto	 ﾠincreases	 ﾠin	 ﾠexpression	 ﾠof	 ﾠgenes	 ﾠinvolved	 ﾠwith	 ﾠthe	 ﾠcell	 ﾠcycle,	 ﾠsuch	 ﾠ
as	 ﾠCcna2	 ﾠand	 ﾠChes1	 ﾠ(Costoya	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠPlzf	 ﾠwas	 ﾠfound	 ﾠto	 ﾠdirectly	 ﾠbind	 ﾠand	 ﾠ
repress	 ﾠtranscription	 ﾠof	 ﾠthe	 ﾠstem	 ﾠcell	 ﾠfactor	 ﾠreceptor	 ﾠkit	 ﾠ(Filipponi	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠand	 ﾠis	 ﾠ
able	 ﾠto	 ﾠdrive	 ﾠtranscription	 ﾠof	 ﾠRedd1	 ﾠ(Ddit4),	 ﾠan	 ﾠinhibitor	 ﾠof	 ﾠthe	 ﾠsignalling	 ﾠcomplex	 ﾠ
mTORC1	 ﾠ(Hobbs	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠmTORC1	 ﾠis	 ﾠa	 ﾠkey	 ﾠmediator	 ﾠof	 ﾠcell	 ﾠgrowth,	 ﾠand	 ﾠ
aberrant	 ﾠactivity	 ﾠof	 ﾠmTORC1	 ﾠas	 ﾠa	 ﾠconsequence	 ﾠof	 ﾠlosing	 ﾠPlzf	 ﾠfunction	 ﾠresults	 ﾠin	 ﾠ
exhaustion	 ﾠof	 ﾠthe	 ﾠstem	 ﾠcell	 ﾠpool.	 ﾠ	 ﾠThe	 ﾠpreviously	 ﾠdescribed	 ﾠinteraction	 ﾠwith	 ﾠSall4	 ﾠwas	 ﾠ
found	 ﾠto	 ﾠhave	 ﾠa	 ﾠfunctional	 ﾠrole	 ﾠduring	 ﾠspermatogenesis	 ﾠ(Hobbs	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠSall4	 ﾠis	 ﾠ
associated	 ﾠwith	 ﾠincreased	 ﾠkit	 ﾠexpression,	 ﾠhaving	 ﾠa	 ﾠmutually	 ﾠantagonistic	 ﾠrole	 ﾠwith	 ﾠ
Plzf	 ﾠthat	 ﾠis	 ﾠessential	 ﾠfor	 ﾠthe	 ﾠmaintenance	 ﾠof	 ﾠa	 ﾠstem	 ﾠcell	 ﾠpool.	 ﾠ	 ﾠ
Forced	 ﾠexpression	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠmyeloid	 ﾠcell	 ﾠlines	 ﾠresults	 ﾠin	 ﾠan	 ﾠinhibition	 ﾠof	 ﾠ
proliferation	 ﾠand	 ﾠdifferentiation	 ﾠ(Shaknovich	 ﾠet	 ﾠal.,	 ﾠ1998).	 ﾠ	 ﾠA	 ﾠmore	 ﾠrecent	 ﾠstudy	 ﾠ
makes	 ﾠuse	 ﾠof	 ﾠa	 ﾠxenograft	 ﾠmouse	 ﾠtransplanted	 ﾠwith	 ﾠprimary	 ﾠhuman	 ﾠmyeloid	 ﾠcells,	 ﾠ
which	 ﾠhad	 ﾠbeen	 ﾠtransduced	 ﾠwith	 ﾠPlzf	 ﾠoverexpression	 ﾠor	 ﾠknockdown	 ﾠvectors	 ﾠ
(Doulatov	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠThey	 ﾠshowed	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠessential	 ﾠto	 ﾠmaintain	 ﾠthe	 ﾠbalance	 ﾠ
between	 ﾠprogenitors	 ﾠand	 ﾠdifferentiated	 ﾠcells	 ﾠand	 ﾠthat	 ﾠloss	 ﾠof	 ﾠPlzf	 ﾠresults	 ﾠin	 ﾠa	 ﾠ
depletion	 ﾠof	 ﾠprogenitors.	 ﾠ	 ﾠIt	 ﾠis	 ﾠable	 ﾠto	 ﾠdo	 ﾠthis	 ﾠby	 ﾠtranscriptionally	 ﾠrepressing	 ﾠgenes	 ﾠ
associated	 ﾠwith	 ﾠmyeloid	 ﾠdifferentiation,	 ﾠsuch	 ﾠas	 ﾠGFI1	 ﾠand	 ﾠLEF1,	 ﾠand	 ﾠby	 ﾠactivating	 ﾠ
transcription	 ﾠof	 ﾠinhibitors	 ﾠof	 ﾠdifferentiation	 ﾠsuch	 ﾠas	 ﾠID2.	 ﾠ
Experiments	 ﾠwithin	 ﾠhuman	 ﾠhaematopoetic	 ﾠcells	 ﾠfound	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠable	 ﾠto	 ﾠ
directly	 ﾠbind	 ﾠto	 ﾠthe	 ﾠCRABP1	 ﾠintron	 ﾠand	 ﾠcause	 ﾠtranscriptional	 ﾠrepression	 ﾠthrough	 ﾠ
deacetylation	 ﾠ(Guidez	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠAlongside	 ﾠHDAC	 ﾠinteractions,	 ﾠPlzf	 ﾠwas	 ﾠfound	 ﾠto	 ﾠ
also	 ﾠrecruit	 ﾠthe	 ﾠmethyltransferase	 ﾠDNMT1	 ﾠto	 ﾠthe	 ﾠtarget	 ﾠsite,	 ﾠresulting	 ﾠin	 ﾠa	 ﾠwave	 ﾠof	 ﾠ
methylation	 ﾠthat	 ﾠadvances	 ﾠtowards	 ﾠto	 ﾠthe	 ﾠpromoter	 ﾠand	 ﾠcauses	 ﾠgene	 ﾠsilencing.	 ﾠ	 ﾠBoth	 ﾠ
HDAC	 ﾠand	 ﾠDNMT1	 ﾠwere	 ﾠfound	 ﾠto	 ﾠinteract	 ﾠwith	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠnatural	 ﾠkiller	 ﾠT	 ﾠ
cells,	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠubiquitin	 ﾠligase	 ﾠCullin3	 ﾠ(Cul3)	 ﾠ(Mathew	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIn	 ﾠthis	 ﾠ
system,	 ﾠPlzf	 ﾠwas	 ﾠfound	 ﾠto	 ﾠtransport	 ﾠCul3	 ﾠto	 ﾠthe	 ﾠnucleus	 ﾠwhere	 ﾠit	 ﾠis	 ﾠable	 ﾠto	 ﾠadd	 ﾠ
ubiquitin	 ﾠmoieties	 ﾠto	 ﾠthe	 ﾠchromatin-ﾭ‐modifying	 ﾠcomplexes	 ﾠassociated	 ﾠwith	 ﾠPlzf.	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Figure	 ﾠ1-ﾭ‐7:	 ﾠFunctions	 ﾠof	 ﾠPlzf	 ﾠ	 ﾠ
Plzf	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠbe	 ﾠexpressed	 ﾠand	 ﾠhave	 ﾠroles	 ﾠin	 ﾠa	 ﾠnumber	 ﾠof	 ﾠdifferent	 ﾠtissues.	 ﾠ	 ﾠ
Shown	 ﾠhere	 ﾠare	 ﾠsome	 ﾠof	 ﾠits	 ﾠinteracting	 ﾠpartners	 ﾠand	 ﾠdirect	 ﾠtranscriptional	 ﾠtargets	 ﾠ
that	 ﾠare	 ﾠknown	 ﾠto	 ﾠbe	 ﾠimportant	 ﾠfor	 ﾠdevelopment	 ﾠof	 ﾠeach	 ﾠindicated	 ﾠtissue.	 ﾠ	 ﾠNot	 ﾠ
shown	 ﾠare	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠcorepressors	 ﾠand	 ﾠHDACs	 ﾠthat	 ﾠhave	 ﾠbeen	 ﾠ
demonstrated	 ﾠto	 ﾠcause	 ﾠtranscriptional	 ﾠrepression	 ﾠin	 ﾠeach	 ﾠtissue.	 ﾠ
Figure	 ﾠpartially	 ﾠadapted	 ﾠfrom	 ﾠSuliman	 ﾠet	 ﾠal.	 ﾠ(2012).	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1.3  Expression	 ﾠand	 ﾠfunction	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠthe	 ﾠCNS	 ﾠ
Plzf	 ﾠis	 ﾠexpressed	 ﾠthroughout	 ﾠthe	 ﾠdeveloping	 ﾠvertebrate	 ﾠnervous	 ﾠsystem	 ﾠ
Plzf	 ﾠhas	 ﾠa	 ﾠdynamic	 ﾠexpression	 ﾠpattern	 ﾠthroughout	 ﾠthe	 ﾠCNS	 ﾠduring	 ﾠvertebrate	 ﾠ
embryonic	 ﾠdevelopment	 ﾠ(Cook	 ﾠet	 ﾠal.,	 ﾠ1995,	 ﾠAvantaggiato	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠmouse	 ﾠ
and	 ﾠchicken	 ﾠnervous	 ﾠsystem,	 ﾠexpression	 ﾠat	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠstage	 ﾠis	 ﾠinitially	 ﾠ
widespread	 ﾠand	 ﾠbecomes	 ﾠprogressively	 ﾠmore	 ﾠrestricted	 ﾠas	 ﾠdevelopment	 ﾠcontinues	 ﾠ
(Cook	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠThe	 ﾠauthors	 ﾠfind	 ﾠthat	 ﾠexpression	 ﾠbecomes	 ﾠsegmental	 ﾠwithin	 ﾠthe	 ﾠ
hindbrain	 ﾠand	 ﾠlater	 ﾠremains	 ﾠat	 ﾠhigh	 ﾠlevels	 ﾠwithin	 ﾠthe	 ﾠrhombomere	 ﾠboundaries	 ﾠwhilst	 ﾠ
being	 ﾠdownregulated	 ﾠelsewhere	 ﾠin	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠThe	 ﾠexpression	 ﾠof	 ﾠPlzf	 ﾠat	 ﾠ
rhombomere	 ﾠboundaries	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠrat	 ﾠCNS	 ﾠ(Takahashi	 ﾠand	 ﾠ
Osumi,	 ﾠ2011).	 ﾠ
The	 ﾠearly	 ﾠexpression	 ﾠpattern	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠmurine	 ﾠhindbrain	 ﾠappeared	 ﾠto	 ﾠ
overlap	 ﾠwith	 ﾠthat	 ﾠof	 ﾠHoxb2,	 ﾠsuggesting	 ﾠthat	 ﾠPlzf	 ﾠmay	 ﾠplay	 ﾠa	 ﾠrole	 ﾠin	 ﾠregulating	 ﾠits	 ﾠ
expression.	 ﾠ	 ﾠA	 ﾠPlzf	 ﾠbinding	 ﾠsite	 ﾠwas	 ﾠlocated	 ﾠwithin	 ﾠthe	 ﾠknown	 ﾠrhombomere	 ﾠ3	 ﾠ/	 ﾠ
rhombomere	 ﾠ5	 ﾠenhancer	 ﾠfor	 ﾠmurine	 ﾠHoxb2	 ﾠ(Sham	 ﾠet	 ﾠal.,	 ﾠ1993,	 ﾠIvins	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠ
Plzf	 ﾠwas	 ﾠfound	 ﾠto	 ﾠcooperatively	 ﾠbind	 ﾠto	 ﾠboth	 ﾠthis	 ﾠsite	 ﾠand	 ﾠan	 ﾠA/T	 ﾠrich	 ﾠsite	 ﾠknown	 ﾠas	 ﾠ
‘Box1’	 ﾠand	 ﾠrepress	 ﾠHoxb2	 ﾠtranscription	 ﾠ(Ivins	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠ	 ﾠ
During	 ﾠneuronal	 ﾠdifferentiation	 ﾠof	 ﾠhuman	 ﾠpluripotent	 ﾠstem	 ﾠcells,	 ﾠneural	 ﾠ
progenitors	 ﾠspontaneously	 ﾠorganise	 ﾠinto	 ﾠstructures	 ﾠtermed	 ﾠ‘neural	 ﾠrosettes’	 ﾠ(Perrier	 ﾠ
et	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠThese	 ﾠneural	 ﾠcells	 ﾠhave	 ﾠbeen	 ﾠisolated	 ﾠand	 ﾠmaintained	 ﾠin	 ﾠculture	 ﾠwhere	 ﾠ
they	 ﾠwere	 ﾠfound	 ﾠto	 ﾠdisplay	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠPlzf	 ﾠexpression	 ﾠ(Elkabetz	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠThe	 ﾠ
cells	 ﾠexhibit	 ﾠa	 ﾠbroad	 ﾠdifferentiation	 ﾠpotential	 ﾠand	 ﾠare	 ﾠbelieved	 ﾠto	 ﾠrepresent	 ﾠcells	 ﾠof	 ﾠ
the	 ﾠneural	 ﾠplate	 ﾠstage	 ﾠin	 ﾠembryos	 ﾠ(Conti	 ﾠand	 ﾠCattaneo,	 ﾠ2010).	 ﾠ	 ﾠRecent	 ﾠexperiments	 ﾠ
found	 ﾠPlzf	 ﾠto	 ﾠbe	 ﾠexpressed	 ﾠin	 ﾠneural	 ﾠepithelium	 ﾠcells	 ﾠof	 ﾠthe	 ﾠdeveloping	 ﾠhuman	 ﾠ
hindbrain,	 ﾠwhich	 ﾠcould	 ﾠalso	 ﾠform	 ﾠrosette-ﾭ‐like	 ﾠstructures	 ﾠwhen	 ﾠplaced	 ﾠin	 ﾠculture	 ﾠ
(Tailor	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
Studies	 ﾠof	 ﾠcultured	 ﾠhuman	 ﾠneuronal	 ﾠcells	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠPlzf	 ﾠexerts	 ﾠa	 ﾠ
neuroprotective	 ﾠeffect,	 ﾠacting	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠrenin/prorenin	 ﾠreceptor	 ﾠto	 ﾠmediate	 ﾠcell	 ﾠ
survival	 ﾠ(Seidel	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠwork	 ﾠalso	 ﾠexamined	 ﾠexpression	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠadult	 ﾠ
rat	 ﾠbrain,	 ﾠfinding	 ﾠexpression	 ﾠto	 ﾠbe	 ﾠubiquitous	 ﾠthroughout	 ﾠdifferent	 ﾠbrain	 ﾠregions	 ﾠand	 ﾠ
downregulated	 ﾠupon	 ﾠinduction	 ﾠof	 ﾠan	 ﾠin	 ﾠvivo	 ﾠstroke	 ﾠmodel.	 ﾠ	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Whilst	 ﾠmy	 ﾠPhD	 ﾠproject	 ﾠwas	 ﾠunderway,	 ﾠwork	 ﾠwas	 ﾠpublished	 ﾠregarding	 ﾠa	 ﾠrole	 ﾠof	 ﾠ
Plzf	 ﾠwithin	 ﾠneural	 ﾠprogenitors	 ﾠof	 ﾠthe	 ﾠchicken	 ﾠand	 ﾠmouse	 ﾠspinal	 ﾠcord	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ
2013).	 ﾠ	 ﾠThey	 ﾠshow	 ﾠPlzf	 ﾠis	 ﾠwidely	 ﾠexpressed	 ﾠthroughout	 ﾠprogenitors	 ﾠat	 ﾠthe	 ﾠneural	 ﾠ
plate	 ﾠstage	 ﾠand	 ﾠlater	 ﾠbecomes	 ﾠrestricted	 ﾠto	 ﾠthe	 ﾠcentre	 ﾠof	 ﾠthe	 ﾠspinal	 ﾠcord	 ﾠwhere	 ﾠ
expression	 ﾠoverlaps	 ﾠwith	 ﾠFGF	 ﾠreceptor	 ﾠ3	 ﾠ(FGFR3).	 ﾠ	 ﾠLoss	 ﾠof	 ﾠPlzf	 ﾠwas	 ﾠfound	 ﾠto	 ﾠresult	 ﾠin	 ﾠ
a	 ﾠslight	 ﾠincrease	 ﾠin	 ﾠneurogenic	 ﾠmarkers	 ﾠand	 ﾠaccompanied	 ﾠby	 ﾠreduced	 ﾠexpression	 ﾠof	 ﾠ
genes	 ﾠassociated	 ﾠwith	 ﾠprogenitor	 ﾠmaintenance,	 ﾠsuggesting	 ﾠthat	 ﾠPlzf	 ﾠacts	 ﾠto	 ﾠmaintain	 ﾠ
neural	 ﾠprogenitors.	 ﾠ
They	 ﾠfind	 ﾠthat	 ﾠectopic	 ﾠPlzf	 ﾠresults	 ﾠin	 ﾠincreased	 ﾠFGFR3	 ﾠexpression,	 ﾠalthough	 ﾠ
the	 ﾠdirect	 ﾠtranscriptional	 ﾠtarget	 ﾠis	 ﾠnot	 ﾠidentified.	 ﾠ	 ﾠThis	 ﾠprovides	 ﾠthe	 ﾠcells	 ﾠof	 ﾠthe	 ﾠ
central	 ﾠdomain	 ﾠwith	 ﾠa	 ﾠheightened	 ﾠresponsiveness	 ﾠto	 ﾠFGF	 ﾠstimulation	 ﾠthat,	 ﾠin	 ﾠturn,	 ﾠ
stimulates	 ﾠthe	 ﾠSTAT3	 ﾠpathway.	 ﾠ	 ﾠThe	 ﾠauthors	 ﾠtherefore	 ﾠpropose	 ﾠthat	 ﾠthe	 ﾠmechanism	 ﾠ
by	 ﾠwhich	 ﾠPlzf	 ﾠis	 ﾠacting	 ﾠis	 ﾠto	 ﾠmodulate	 ﾠthe	 ﾠability	 ﾠof	 ﾠneural	 ﾠprogenitors	 ﾠto	 ﾠrespond	 ﾠto	 ﾠ
FGF	 ﾠligands	 ﾠthrough	 ﾠdownstream	 ﾠsignalling	 ﾠpathways.	 ﾠ	 ﾠThe	 ﾠresults	 ﾠand	 ﾠconclusions	 ﾠof	 ﾠ
their	 ﾠwork	 ﾠwill	 ﾠbe	 ﾠdiscussed	 ﾠlater	 ﾠin	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠmy	 ﾠfindings.	 ﾠ
Role	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠprimary	 ﾠneurogenesis	 ﾠin	 ﾠzebrafish	 ﾠ
Plzf	 ﾠbecame	 ﾠinteresting	 ﾠto	 ﾠthe	 ﾠWilkinson	 ﾠlab	 ﾠduring	 ﾠresearch	 ﾠinto	 ﾠthe	 ﾠfunction	 ﾠ
of	 ﾠthe	 ﾠadaptor	 ﾠprotein	 ﾠBtbd6a	 ﾠin	 ﾠzebrafish	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠbtbd6a	 ﾠwas	 ﾠ
found	 ﾠto	 ﾠbe	 ﾠexpressed	 ﾠdownstream	 ﾠof	 ﾠneurog1	 ﾠand	 ﾠknocking	 ﾠdown	 ﾠexpression	 ﾠ
resulted	 ﾠin	 ﾠa	 ﾠsignificant	 ﾠdecrease	 ﾠin	 ﾠprimary	 ﾠneurogenesis.	 ﾠ	 ﾠIt	 ﾠwas	 ﾠhypothesised	 ﾠthat	 ﾠ
Btbd6a	 ﾠwas	 ﾠacting	 ﾠto	 ﾠtarget	 ﾠspecific	 ﾠproteins	 ﾠfor	 ﾠubiquitination	 ﾠand	 ﾠdegradation	 ﾠwith	 ﾠ
the	 ﾠubiquitin	 ﾠligase	 ﾠprotein	 ﾠCul3	 ﾠand	 ﾠtherefore	 ﾠa	 ﾠproteome-ﾭ‐wide	 ﾠsearch	 ﾠfor	 ﾠ
interacting	 ﾠpartners	 ﾠwas	 ﾠcarried	 ﾠout.	 ﾠ	 ﾠThis	 ﾠrevealed	 ﾠPlzf	 ﾠas	 ﾠa	 ﾠpotential	 ﾠbinding	 ﾠ
partner.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠzebrafish	 ﾠthis	 ﾠgene	 ﾠexists	 ﾠas	 ﾠtwo	 ﾠparalogues,	 ﾠplzfa	 ﾠand	 ﾠplzfb,	 ﾠarisen	 ﾠ
due	 ﾠto	 ﾠa	 ﾠgenome	 ﾠduplication	 ﾠevent.	 ﾠ	 ﾠ
Sobieszczuk	 ﾠet	 ﾠal.	 ﾠshow	 ﾠthat	 ﾠplzfa	 ﾠis	 ﾠhighly	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠneural	 ﾠ
epithelium	 ﾠand	 ﾠthat	 ﾠoverexpression	 ﾠled	 ﾠto	 ﾠa	 ﾠsignificant	 ﾠdecrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
primary	 ﾠneurons	 ﾠproduced,	 ﾠproviding	 ﾠevidence	 ﾠthat	 ﾠPlzfa	 ﾠis	 ﾠthe	 ﾠaforementioned	 ﾠ
inhibitor.	 ﾠ	 ﾠPlzfa	 ﾠknockdown	 ﾠdid	 ﾠnot	 ﾠlead	 ﾠto	 ﾠthe	 ﾠincrease	 ﾠin	 ﾠprimary	 ﾠneurogenesis	 ﾠthat	 ﾠ
would	 ﾠbe	 ﾠexpected	 ﾠfrom	 ﾠremoving	 ﾠan	 ﾠinhibitor,	 ﾠbut	 ﾠthis	 ﾠwas	 ﾠpotentially	 ﾠexplained	 ﾠby	 ﾠ
Notch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition	 ﾠmasking	 ﾠthis	 ﾠeffect.	 ﾠ	 ﾠTo	 ﾠtest	 ﾠthis,	 ﾠNotch	 ﾠsignalling	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was	 ﾠpartially	 ﾠblocked	 ﾠthrough	 ﾠdrug	 ﾠtreatment	 ﾠand	 ﾠnow	 ﾠwhen	 ﾠPlzfa	 ﾠwas	 ﾠknocked	 ﾠ
down	 ﾠa	 ﾠsignificant	 ﾠincrease	 ﾠin	 ﾠneuronal	 ﾠdifferentiation	 ﾠwas	 ﾠobserved.	 ﾠ	 ﾠKnocking	 ﾠ
down	 ﾠPlzfa	 ﾠalongside	 ﾠBtbd6a	 ﾠrevealed	 ﾠa	 ﾠcomplete	 ﾠrescue	 ﾠof	 ﾠthe	 ﾠneurogenic	 ﾠ
phenotype,	 ﾠproviding	 ﾠconfirmation	 ﾠthat	 ﾠremoving	 ﾠPlzfa	 ﾠfunction	 ﾠis	 ﾠessential	 ﾠfor	 ﾠ
neurogenesis	 ﾠto	 ﾠproceed.	 ﾠ
Plzfa	 ﾠwas	 ﾠcharacterised	 ﾠas	 ﾠacting	 ﾠto	 ﾠinhibit	 ﾠprimary	 ﾠneurogenesis	 ﾠin	 ﾠa	 ﾠmanner	 ﾠ
that	 ﾠis	 ﾠindependent	 ﾠof	 ﾠNotch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition.	 ﾠ	 ﾠFurther	 ﾠevidence	 ﾠshowed	 ﾠ
that	 ﾠBtbd6a	 ﾠwas	 ﾠcapable	 ﾠof	 ﾠpromoting	 ﾠnuclear	 ﾠexport	 ﾠand	 ﾠdegradation	 ﾠof	 ﾠPlzfa,	 ﾠ
thereby	 ﾠacting	 ﾠto	 ﾠkeep	 ﾠlevels	 ﾠof	 ﾠPlzfa	 ﾠlow	 ﾠin	 ﾠcells	 ﾠselected	 ﾠto	 ﾠdifferentiate.	 ﾠ	 ﾠTaken	 ﾠ
together,	 ﾠthese	 ﾠresults	 ﾠpoint	 ﾠtowards	 ﾠthe	 ﾠexistence	 ﾠof	 ﾠa	 ﾠnovel	 ﾠpositive	 ﾠfeedback	 ﾠloop	 ﾠ
whereby	 ﾠexpression	 ﾠof	 ﾠproneural	 ﾠgene	 ﾠneurog1	 ﾠupregulates	 ﾠexpression	 ﾠof	 ﾠbtbd6a	 ﾠ
which	 ﾠtargets	 ﾠPlzf	 ﾠfor	 ﾠdegradation	 ﾠ(Figure	 ﾠ1-ﾭ‐8).	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Figure	 ﾠ1-ﾭ‐8:	 ﾠRole	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠinhibiting	 ﾠprimary	 ﾠneurogenesis	 ﾠ
Plzfa	 ﾠacts	 ﾠto	 ﾠinhibit	 ﾠprimary	 ﾠneurogenesis	 ﾠwithin	 ﾠthe	 ﾠzebrafish.	 ﾠ	 ﾠCells	 ﾠselected	 ﾠto	 ﾠ
differentiate	 ﾠincrease	 ﾠexpression	 ﾠof	 ﾠneurog1,	 ﾠwhich	 ﾠin	 ﾠturn	 ﾠupregulates	 ﾠbtbd6a	 ﾠ
expression.	 ﾠ	 ﾠBtbd6a	 ﾠremoves	 ﾠPlzfa	 ﾠfrom	 ﾠthe	 ﾠnucleus,	 ﾠattenuating	 ﾠits	 ﾠinhibitory	 ﾠ
activity	 ﾠon	 ﾠNeurog1	 ﾠactivity.	 ﾠ	 ﾠThis	 ﾠfeedback	 ﾠloop	 ﾠis	 ﾠindependent	 ﾠand	 ﾠredundant	 ﾠto	 ﾠ
Notch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition.	 ﾠ
Figure	 ﾠadapted	 ﾠfrom	 ﾠSobieszczuk	 ﾠet	 ﾠal.	 ﾠ(2010).	 ﾠ
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1.4  Aims	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠ
The	 ﾠpurpose	 ﾠof	 ﾠmy	 ﾠPhD	 ﾠwork	 ﾠis	 ﾠto	 ﾠfurther	 ﾠinvestigate	 ﾠthe	 ﾠrole	 ﾠthat	 ﾠPlzf	 ﾠhas	 ﾠ
within	 ﾠneural	 ﾠprogenitors,	 ﾠusing	 ﾠzebrafish	 ﾠas	 ﾠthe	 ﾠmodel	 ﾠorganism.	 ﾠ	 ﾠKnowledge	 ﾠof	 ﾠthe	 ﾠ
protein’s	 ﾠfunction	 ﾠin	 ﾠother	 ﾠtissues	 ﾠleads	 ﾠto	 ﾠthe	 ﾠhypothesis	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠthe	 ﾠ
maintenance	 ﾠof	 ﾠneural	 ﾠprogenitors.	 ﾠ	 ﾠPlzf	 ﾠmay	 ﾠfunction	 ﾠin	 ﾠspermatogonial	 ﾠand	 ﾠ
myeloid	 ﾠcells	 ﾠby	 ﾠregulating	 ﾠproliferation	 ﾠand	 ﾠdifferentiation	 ﾠof	 ﾠprogenitors	 ﾠand	 ﾠ
therefore	 ﾠI	 ﾠaimed	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠPlzf	 ﾠis	 ﾠhaving	 ﾠa	 ﾠsimilar	 ﾠrole	 ﾠin	 ﾠthe	 ﾠnervous	 ﾠ
system.	 ﾠ	 ﾠ
Plzf	 ﾠis	 ﾠknown	 ﾠto	 ﾠdirectly	 ﾠregulate	 ﾠtranscription	 ﾠof	 ﾠtarget	 ﾠgenes	 ﾠin	 ﾠvarious	 ﾠ
tissues,	 ﾠbut	 ﾠno	 ﾠtargets	 ﾠhave	 ﾠbeen	 ﾠidentified	 ﾠwithin	 ﾠthe	 ﾠCNS.	 ﾠ	 ﾠMy	 ﾠfirst	 ﾠaim	 ﾠtherefore	 ﾠ
was	 ﾠto	 ﾠdetermine	 ﾠtranscriptional	 ﾠtargets	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠzebrafish	 ﾠand	 ﾠ
compare	 ﾠthis	 ﾠwith	 ﾠmy	 ﾠfunctional	 ﾠanalysis	 ﾠin	 ﾠorder	 ﾠto	 ﾠgain	 ﾠan	 ﾠappreciation	 ﾠof	 ﾠhow	 ﾠPlzf	 ﾠ
is	 ﾠfunctioning	 ﾠwithin	 ﾠneural	 ﾠprogenitors.	 ﾠ
The	 ﾠprevious	 ﾠwork	 ﾠfrom	 ﾠthe	 ﾠWilkinson	 ﾠlab	 ﾠfocused	 ﾠon	 ﾠthe	 ﾠrole	 ﾠof	 ﾠPlzfa	 ﾠduring	 ﾠ
primary	 ﾠneurogenesis	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠaimed	 ﾠto	 ﾠexpand	 ﾠthis	 ﾠ
analysis	 ﾠby	 ﾠinvestigating	 ﾠpotential	 ﾠfunctional	 ﾠredundancy	 ﾠbetween	 ﾠPlzfa	 ﾠand	 ﾠits	 ﾠ
highly	 ﾠsimilar	 ﾠparalogue,	 ﾠPlzfb.	 ﾠ	 ﾠSecondly,	 ﾠI	 ﾠsought	 ﾠto	 ﾠinvestigate	 ﾠwhether	 ﾠPlzf	 ﾠ
functions	 ﾠduring	 ﾠlater	 ﾠstages	 ﾠof	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠembryo.	 ﾠ
Whilst	 ﾠmy	 ﾠPhD	 ﾠproject	 ﾠwas	 ﾠunderway,	 ﾠtechniques	 ﾠto	 ﾠspecifically	 ﾠmodify	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome	 ﾠwere	 ﾠestablished.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠaimed	 ﾠto	 ﾠadopt	 ﾠthis	 ﾠtechnology	 ﾠin	 ﾠ
order	 ﾠto	 ﾠassist	 ﾠwith	 ﾠfunctional	 ﾠanalysis	 ﾠof	 ﾠPlzf	 ﾠfunction.	 ﾠ
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2  Materials	 ﾠand	 ﾠMethods	 ﾠ
2.1  Fish	 ﾠmaintenance	 ﾠ
Wild	 ﾠtype	 ﾠand	 ﾠtransgenic	 ﾠzebrafish	 ﾠembryos	 ﾠwere	 ﾠobtained	 ﾠby	 ﾠnatural	 ﾠ
spawning	 ﾠand	 ﾠmaintained	 ﾠaccording	 ﾠto	 ﾠstandard	 ﾠlaboratory	 ﾠconditions	 ﾠ(Westerfield,	 ﾠ
1993).	 ﾠ	 ﾠThe	 ﾠtp53	 ﾠmutant	 ﾠline	 ﾠ(Berghmans	 ﾠet	 ﾠal.,	 ﾠ2005)	 ﾠwas	 ﾠacquired	 ﾠfrom	 ﾠthe	 ﾠ
Zebrafish	 ﾠInternational	 ﾠResource	 ﾠCentre	 ﾠ(University	 ﾠof	 ﾠOregon,	 ﾠEugene,	 ﾠUSA).	 ﾠ	 ﾠThe	 ﾠ
cldnb:lyngfp	 ﾠtransgenic	 ﾠline	 ﾠwas	 ﾠused	 ﾠas	 ﾠdescribed	 ﾠpreviously	 ﾠ(Breau	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ
Embryos	 ﾠwere	 ﾠstaged	 ﾠaccording	 ﾠto	 ﾠhours	 ﾠpost	 ﾠfertilisation	 ﾠ(hpf)	 ﾠand	 ﾠmorphological	 ﾠ
criteria	 ﾠsuch	 ﾠas	 ﾠsomite	 ﾠstage	 ﾠ(ss)	 ﾠ(Kimmel	 ﾠet	 ﾠal.,	 ﾠ1995).	 ﾠ	 ﾠ
2.2  Zebrafish	 ﾠin	 ﾠsitu	 ﾠhybridisation	 ﾠand	 ﾠimmunohistochemistry	 ﾠ
Embryos	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠthe	 ﾠdesired	 ﾠstage	 ﾠand	 ﾠfixed	 ﾠin	 ﾠ4%	 ﾠparaformaldehyde	 ﾠ
/	 ﾠphosphate	 ﾠbuffered	 ﾠsaline	 ﾠ(PBS)	 ﾠat	 ﾠ4°C	 ﾠovernight	 ﾠor	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠfor	 ﾠ3	 ﾠ
hours.	 ﾠEmbryos	 ﾠthat	 ﾠwere	 ﾠfixed	 ﾠat	 ﾠtime	 ﾠpoints	 ﾠover	 ﾠ30	 ﾠhpf	 ﾠhad	 ﾠbeen	 ﾠtreated	 ﾠat	 ﾠ24	 ﾠ
hpf	 ﾠwith	 ﾠ0.2	 ﾠmM	 ﾠphenylthiocarbamide	 ﾠ(Sigma)	 ﾠto	 ﾠsupress	 ﾠmelanin	 ﾠsynthesis.	 ﾠ	 ﾠ	 ﾠFixed	 ﾠ
embryos	 ﾠwere	 ﾠeither	 ﾠstored	 ﾠin	 ﾠ100%	 ﾠmethanol,	 ﾠor	 ﾠprocessed	 ﾠimmediately	 ﾠfor	 ﾠin	 ﾠsitu	 ﾠ
hybridisation	 ﾠ(ISH)	 ﾠor	 ﾠimmunohistochemistry	 ﾠ(IHC).	 ﾠ	 ﾠ	 ﾠ
ISH	 ﾠprobe	 ﾠsynthesis	 ﾠ
Previously	 ﾠdescribed	 ﾠantisense	 ﾠRNA	 ﾠprobes	 ﾠused	 ﾠwere:	 ﾠ
neurogenin1	 ﾠ(Gonzalez-ﾭ‐Quevedo	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
sox3	 ﾠ(Gonzalez-ﾭ‐Quevedo	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
neurod4	 ﾠ(Gonzalez-ﾭ‐Quevedo	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
btbd6a	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
For	 ﾠplzfa,	 ﾠPCR	 ﾠproduct	 ﾠagainst	 ﾠfull	 ﾠlength	 ﾠcDNA	 ﾠclone	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ
2010)	 ﾠusing	 ﾠAGAAGATGACGAGGAGCGG	 ﾠand	 ﾠTTGCCACATAGCTCGCATC	 ﾠprimers.	 ﾠ	 ﾠFor	 ﾠ
plzfb,	 ﾠPCR	 ﾠproduct	 ﾠagainst	 ﾠfull	 ﾠlength	 ﾠcDNA	 ﾠclone	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠusing	 ﾠ
AAGACCGCAGGATCAAGTACC	 ﾠand	 ﾠTCACAGCCAAAGGTCTTCACTC.	 ﾠ	 ﾠ
The	 ﾠprobes	 ﾠwere	 ﾠsynthesized	 ﾠusing	 ﾠT3,	 ﾠT7	 ﾠor	 ﾠSP6	 ﾠRNA	 ﾠpolymerase	 ﾠ(Promega)	 ﾠ
and	 ﾠlabeled	 ﾠeither	 ﾠwith	 ﾠDigoxigenin-ﾭ‐UTP	 ﾠor	 ﾠfluorescein-ﾭ‐UTP	 ﾠ(Roche).	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ 59	 ﾠ 	 ﾠ
ISH	 ﾠreagents	 ﾠ
Reagent	 ﾠ Components	 ﾠ
Hybridisation	 ﾠ
Buffer	 ﾠ
50%	 ﾠFormamide,	 ﾠ5x	 ﾠSSC,	 ﾠ50	 ﾠμg/ml	 ﾠHeparin,	 ﾠ500	 ﾠμg/ml	 ﾠtRNA,	 ﾠ
5%	 ﾠDextran	 ﾠSulphate,	 ﾠ0.09	 ﾠM	 ﾠCitric	 ﾠAcid	 ﾠ(pH	 ﾠ6.0),	 ﾠ0.1%	 ﾠTween	 ﾠ
Washing	 ﾠSolution	 ﾠ 50	 ﾠ%	 ﾠFormamide,	 ﾠ1x	 ﾠSSC,	 ﾠ0.1%	 ﾠTween	 ﾠ
MABT	 ﾠ 20	 ﾠmM	 ﾠmaleic	 ﾠacid,	 ﾠ150	 ﾠmM	 ﾠNaCl,	 ﾠ0.1%	 ﾠTween,	 ﾠpH	 ﾠ7.5	 ﾠ
Blocking	 ﾠSolution	 ﾠ 20%	 ﾠSheep	 ﾠSerum,	 ﾠ2%	 ﾠRoche	 ﾠBlocking	 ﾠReagent	 ﾠin	 ﾠMABT	 ﾠ




4.5	 ﾠμl/ml	 ﾠNBT	 ﾠ(Nitro	 ﾠblue	 ﾠtetrazolium,	 ﾠ75	 ﾠmg/ml	 ﾠin	 ﾠ70%	 ﾠ
dimethyl	 ﾠformamide;	 ﾠRoche),	 ﾠ3.5	 ﾠμl/ml	 ﾠBCIP	 ﾠ(5-ﾭ‐Bromo-ﾭ‐4-ﾭ‐
chloro-ﾭ‐3-ﾭ‐indolyl	 ﾠphosphate,	 ﾠ50mg/ml	 ﾠin	 ﾠ70%	 ﾠdimethyl	 ﾠ
formamide;	 ﾠRoche)	 ﾠin	 ﾠStaining	 ﾠBuffer	 ﾠ
Fast	 ﾠBlue	 ﾠ
Substrate	 ﾠSolution	 ﾠ
2.5	 ﾠμl/ml	 ﾠFast	 ﾠBlue	 ﾠBB	 ﾠ(100	 ﾠmg/ml	 ﾠin	 ﾠdimethyl	 ﾠformamide;	 ﾠ
Sigma),	 ﾠ2.5	 ﾠμl/ml	 ﾠNAMP	 ﾠ(3-ﾭ‐hydroxy-ﾭ‐2-ﾭ‐naphthoic	 ﾠacid	 ﾠ2,4-ﾭ‐
dimethylanilide	 ﾠphosphate,	 ﾠ100	 ﾠmg/ml	 ﾠin	 ﾠdimethyl	 ﾠsulfoxide;	 ﾠ
Sigma)	 ﾠin	 ﾠStaining	 ﾠBuffer	 ﾠ
Fast	 ﾠRed	 ﾠSubstrate	 ﾠ
Solution	 ﾠ
1	 ﾠFast	 ﾠRed/NAMP	 ﾠ(Sigma)	 ﾠtablet	 ﾠin	 ﾠ2	 ﾠml	 ﾠ100	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠpH	 ﾠ
8.2,	 ﾠ0.1%	 ﾠTween.	 ﾠ	 ﾠFiltered	 ﾠbefore	 ﾠuse.	 ﾠ
Table	 ﾠ2-ﾭ‐1:	 ﾠList	 ﾠof	 ﾠreagents	 ﾠused	 ﾠfor	 ﾠISH.	 ﾠ	 ﾠ
Asterisk	 ﾠ(*)	 ﾠindicates	 ﾠ100	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠpH	 ﾠ8.2	 ﾠwas	 ﾠused	 ﾠfor	 ﾠsamples	 ﾠdeveloped	 ﾠwith	 ﾠ
Fast	 ﾠBlue	 ﾠSubstrate	 ﾠSolution	 ﾠ	 ﾠ
ISH	 ﾠprotocol	 ﾠ
Embryos	 ﾠwere	 ﾠrehydrated	 ﾠthrough	 ﾠa	 ﾠgraded	 ﾠseries	 ﾠof	 ﾠmethanol	 ﾠ/	 ﾠPBS	 ﾠ+	 ﾠ0.1%	 ﾠ
Tween-ﾭ‐20	 ﾠ(Sigma)	 ﾠtreatments	 ﾠ(75%,	 ﾠ50%,	 ﾠ25%).	 ﾠ	 ﾠEmbryos	 ﾠwere	 ﾠsubsequently	 ﾠwashed	 ﾠ
5	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠwith	 ﾠPBST	 ﾠ(PBS,	 ﾠ0.1%	 ﾠtween;	 ﾠSigma).	 ﾠ	 ﾠEmbryos	 ﾠolder	 ﾠthan	 ﾠ24	 ﾠhpf	 ﾠwere	 ﾠ
treated	 ﾠwith	 ﾠProteinase	 ﾠK	 ﾠ(10 μg/ml;	 ﾠRoche)	 ﾠin	 ﾠorder	 ﾠto	 ﾠpermeablise	 ﾠthe	 ﾠembryo.	 ﾠ	 ﾠ
The	 ﾠduration	 ﾠof	 ﾠthe	 ﾠProteinase	 ﾠK	 ﾠtreatment	 ﾠdepended	 ﾠupon	 ﾠthe	 ﾠstage	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠ
and	 ﾠis	 ﾠdescribed	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐2.	 ﾠ	 ﾠFollowing	 ﾠProteinase	 ﾠK	 ﾠtreatment,	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠ
washed	 ﾠ5	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠwith	 ﾠPBST	 ﾠand	 ﾠfixed	 ﾠfor	 ﾠ20	 ﾠminutes	 ﾠin	 ﾠ4%	 ﾠparaformaldehyde	 ﾠ/	 ﾠ
PBS.	 ﾠ	 ﾠEmbryos	 ﾠwere	 ﾠagain	 ﾠwashed	 ﾠ5	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠwith	 ﾠPBST	 ﾠbefore	 ﾠbeing	 ﾠleft	 ﾠin	 ﾠ
Hybridisation	 ﾠBuffer	 ﾠat	 ﾠ65°C	 ﾠfor	 ﾠ2	 ﾠhours.	 ﾠ	 ﾠLabelled	 ﾠriboprobes	 ﾠwere	 ﾠadded	 ﾠto	 ﾠthe	 ﾠ
embryos	 ﾠand	 ﾠincubated	 ﾠat	 ﾠ65°C	 ﾠovernight.	 ﾠ
The	 ﾠfollowing	 ﾠday	 ﾠembryos	 ﾠwere	 ﾠwashed	 ﾠfor	 ﾠ2	 ﾠx	 ﾠ30	 ﾠminutes	 ﾠin	 ﾠWashing	 ﾠ
Solution,	 ﾠ1	 ﾠx	 ﾠ10	 ﾠminutes	 ﾠin	 ﾠ1:1	 ﾠWashing	 ﾠSolution:MABT,	 ﾠ3	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠin	 ﾠMABT	 ﾠat	 ﾠ
65°C,	 ﾠfollowed	 ﾠby	 ﾠ2	 ﾠx	 ﾠ15	 ﾠminutes	 ﾠwith	 ﾠMABT	 ﾠat	 ﾠroom	 ﾠtemperature.	 ﾠ	 ﾠEmbryos	 ﾠwere	 ﾠ
incubated	 ﾠin	 ﾠBlocking	 ﾠSolution	 ﾠfor	 ﾠ2	 ﾠhours.	 ﾠ	 ﾠAnti-ﾭ‐digoxigenin	 ﾠor	 ﾠanti-ﾭ‐fluorescein	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ 60	 ﾠ 	 ﾠ
conjugated	 ﾠto	 ﾠalkaline	 ﾠphosphatase	 ﾠ(1:1200;	 ﾠRoche)	 ﾠin	 ﾠ10%	 ﾠsheep	 ﾠserum	 ﾠwas	 ﾠadded	 ﾠ
overnight	 ﾠat	 ﾠ4°C.	 ﾠ	 ﾠIf	 ﾠrequired,	 ﾠprimary	 ﾠantibodies	 ﾠfor	 ﾠIHC	 ﾠwere	 ﾠadded	 ﾠat	 ﾠthis	 ﾠpoint.	 ﾠ
On	 ﾠthe	 ﾠthird	 ﾠday,	 ﾠembryos	 ﾠwere	 ﾠwashed	 ﾠ6	 ﾠx	 ﾠ1	 ﾠhour	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠwith	 ﾠ
MABT	 ﾠand	 ﾠleft	 ﾠovernight	 ﾠat	 ﾠ4	 ﾠC.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠdevelop	 ﾠthe	 ﾠISH	 ﾠsignal,	 ﾠembryos	 ﾠwere	 ﾠ
first	 ﾠwashed	 ﾠ2	 ﾠx	 ﾠ15	 ﾠminutes	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠin	 ﾠStaining	 ﾠBuffer.	 ﾠ	 ﾠThe	 ﾠsignal	 ﾠwas	 ﾠ
developed	 ﾠin	 ﾠthe	 ﾠdark	 ﾠby	 ﾠadding	 ﾠNBT/BCIP	 ﾠSubstrate	 ﾠSolution.	 ﾠ	 ﾠDevelopment	 ﾠof	 ﾠthe	 ﾠ
staining	 ﾠwas	 ﾠmonitored	 ﾠperiodically	 ﾠand,	 ﾠonce	 ﾠat	 ﾠthe	 ﾠdesired	 ﾠlevel,	 ﾠwas	 ﾠstopped	 ﾠby	 ﾠ
washing	 ﾠ3	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠwith	 ﾠPBST,	 ﾠfixed	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠfor	 ﾠ20	 ﾠminutes	 ﾠin	 ﾠ4%	 ﾠ
PFA	 ﾠ/	 ﾠPBS	 ﾠand	 ﾠwashed	 ﾠa	 ﾠfurther	 ﾠ3	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠbefore	 ﾠbeing	 ﾠprocessed	 ﾠfor	 ﾠmounting	 ﾠ
as	 ﾠdescribed	 ﾠbelow.	 ﾠ
	 ﾠ
Developmental	 ﾠStage	 ﾠ(hpf)	 ﾠ Proteinase	 ﾠK	 ﾠtreatment	 ﾠ(minutes)	 ﾠ
24	 ﾠ 8	 ﾠ
36	 ﾠ 20	 ﾠ
42	 ﾠ 25	 ﾠ
48	 ﾠ 30	 ﾠ
Table	 ﾠ2-ﾭ‐2:	 ﾠProteinase	 ﾠK	 ﾠtreatment	 ﾠ
Two	 ﾠcolour	 ﾠfluorescent	 ﾠISH	 ﾠ
Two	 ﾠcolour	 ﾠfluorescent	 ﾠISH	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠthe	 ﾠFast	 ﾠBlue	 ﾠ/	 ﾠFast	 ﾠRed	 ﾠ
detection	 ﾠsystem	 ﾠpreviously	 ﾠdescribed	 ﾠ(Lauter	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠfluorescein	 ﾠand	 ﾠ
digoxigenin	 ﾠlabelled	 ﾠprobes	 ﾠwere	 ﾠadded	 ﾠtogether	 ﾠto	 ﾠthe	 ﾠembryos	 ﾠand	 ﾠincubated	 ﾠ
overnight.	 ﾠ	 ﾠThe	 ﾠprotocol	 ﾠthen	 ﾠproceeded	 ﾠas	 ﾠdescribed	 ﾠabove	 ﾠuntil	 ﾠthe	 ﾠsignal	 ﾠwas	 ﾠ
developed.	 ﾠ	 ﾠOne	 ﾠof	 ﾠthe	 ﾠprobes	 ﾠwas	 ﾠdeveloped	 ﾠin	 ﾠthe	 ﾠdark	 ﾠusing	 ﾠthe	 ﾠFast	 ﾠBlue	 ﾠ
Substrate	 ﾠSolution	 ﾠuntil	 ﾠthe	 ﾠblue	 ﾠstaining	 ﾠwas	 ﾠvisible.	 ﾠ	 ﾠAt	 ﾠthis	 ﾠpoint	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠ
washed	 ﾠ4	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠwith	 ﾠPBST	 ﾠfollowed	 ﾠby	 ﾠ3	 ﾠx	 ﾠ20	 ﾠminutes	 ﾠwith	 ﾠ0.1	 ﾠM	 ﾠglycine	 ﾠpH	 ﾠ
3.0	 ﾠto	 ﾠinactivate	 ﾠthe	 ﾠantibody.	 ﾠ	 ﾠThe	 ﾠembryos	 ﾠwere	 ﾠwashed	 ﾠagain	 ﾠ3	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠwith	 ﾠ
PBST,	 ﾠfixed	 ﾠfor	 ﾠ20	 ﾠminutes	 ﾠin	 ﾠ4%	 ﾠPFA	 ﾠ/	 ﾠPBS	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠand	 ﾠwashed	 ﾠ3	 ﾠx	 ﾠ5	 ﾠ
minutes	 ﾠwith	 ﾠPBST.	 ﾠ	 ﾠThe	 ﾠanti-ﾭ‐digoxigenin	 ﾠor	 ﾠanti-ﾭ‐fluorescein	 ﾠalkaline	 ﾠphosphatase	 ﾠ
antibodies	 ﾠfor	 ﾠthe	 ﾠother	 ﾠprobe	 ﾠwere	 ﾠadded	 ﾠin	 ﾠ10%	 ﾠsheep	 ﾠserum	 ﾠand	 ﾠincubated	 ﾠat	 ﾠ4°C	 ﾠ
overnight.	 ﾠ	 ﾠ	 ﾠ
The	 ﾠnext	 ﾠday	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠwashed	 ﾠ10	 ﾠx	 ﾠ15	 ﾠminute	 ﾠwith	 ﾠMABT	 ﾠat	 ﾠroom	 ﾠ
temperature.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠdevelop	 ﾠthe	 ﾠFast	 ﾠRed	 ﾠsignal,	 ﾠembryos	 ﾠwere	 ﾠincubated	 ﾠin	 ﾠ
0.1	 ﾠM	 ﾠTris-ﾭ‐HCL	 ﾠpH	 ﾠ8.2,	 ﾠ0.1%	 ﾠTween	 ﾠfor	 ﾠ3	 ﾠx	 ﾠ10	 ﾠminutes.	 ﾠ	 ﾠThe	 ﾠFast	 ﾠRed	 ﾠSubstrate	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ 61	 ﾠ 	 ﾠ
Solution	 ﾠwas	 ﾠadded	 ﾠand	 ﾠthe	 ﾠsignal	 ﾠwas	 ﾠdeveloped	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠin	 ﾠthe	 ﾠdark.	 ﾠ	 ﾠ
Development	 ﾠof	 ﾠthe	 ﾠvisible	 ﾠred	 ﾠsignal	 ﾠwas	 ﾠstopped	 ﾠand	 ﾠembryos	 ﾠwere	 ﾠmounted	 ﾠas	 ﾠ
described	 ﾠbelow.	 ﾠ
Detection	 ﾠof	 ﾠthe	 ﾠfluorescent	 ﾠFast	 ﾠBlue	 ﾠsignal	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠby	 ﾠexcitation	 ﾠ
with	 ﾠthe	 ﾠ633	 ﾠnm	 ﾠlaser	 ﾠand	 ﾠdetecting	 ﾠwavelengths	 ﾠgreater	 ﾠthan	 ﾠ650	 ﾠnm.	 ﾠ	 ﾠThe	 ﾠFast	 ﾠRed	 ﾠ
signal	 ﾠwas	 ﾠdetected	 ﾠby	 ﾠexcitation	 ﾠwith	 ﾠthe	 ﾠ561	 ﾠnm	 ﾠlaser	 ﾠand	 ﾠdetecting	 ﾠwavelengths	 ﾠ
greater	 ﾠthan	 ﾠ570	 ﾠnm.	 ﾠ	 ﾠCare	 ﾠwas	 ﾠtaken	 ﾠto	 ﾠnot	 ﾠdevelop	 ﾠthe	 ﾠFast	 ﾠBlue	 ﾠsignal	 ﾠfor	 ﾠtoo	 ﾠlong	 ﾠ
because	 ﾠthe	 ﾠmethod	 ﾠinvolves	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠa	 ﾠprecipitate	 ﾠthat	 ﾠcan	 ﾠobscure	 ﾠthe	 ﾠ
subsequent	 ﾠof	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠFast	 ﾠRed	 ﾠsignal,	 ﾠmaking	 ﾠthe	 ﾠdetection	 ﾠof	 ﾠ
overlapping	 ﾠexpression	 ﾠpatterns	 ﾠdifficult.	 ﾠ
Immunohistochemistry	 ﾠantibodies	 ﾠ
The	 ﾠprimary	 ﾠantibodies	 ﾠused	 ﾠfor	 ﾠimmunohistochemistry	 ﾠ(IHC)	 ﾠare	 ﾠlisted	 ﾠin	 ﾠ
Table	 ﾠ2-ﾭ‐3.	 ﾠ	 ﾠAn	 ﾠantibody	 ﾠwas	 ﾠraised	 ﾠagainst	 ﾠthe	 ﾠzebrafish	 ﾠPlzfa	 ﾠprotein	 ﾠ(zfPlzf	 ﾠAb)	 ﾠfrom	 ﾠ
a	 ﾠPlzfa	 ﾠBTB	 ﾠdomain	 ﾠpeptide	 ﾠpurified	 ﾠby	 ﾠMohammed	 ﾠIsmail	 ﾠ(unpublished).	 ﾠ	 ﾠThis	 ﾠrabbit	 ﾠ
polyclonal	 ﾠantibody	 ﾠwas	 ﾠproduced	 ﾠby	 ﾠHarlan	 ﾠBioproducts.	 ﾠ	 ﾠ
Detection	 ﾠof	 ﾠprimary	 ﾠantibodies	 ﾠfor	 ﾠIHC	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠAlexa	 ﾠ488,	 ﾠ594	 ﾠ
or	 ﾠ647	 ﾠgoat	 ﾠanti-ﾭ‐rat,	 ﾠanti-ﾭ‐rabbit,	 ﾠanti-ﾭ‐mouse,	 ﾠanti-ﾭ‐mouse	 ﾠIgG1	 ﾠor	 ﾠanti-ﾭ‐mouse	 ﾠIgG2b	 ﾠ
conjugates	 ﾠ(1:500,	 ﾠMolecular	 ﾠProbes).	 ﾠ
Immunohistochemistry	 ﾠprotocol	 ﾠ
Embryos	 ﾠwere	 ﾠrehydrated	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠthe	 ﾠISH	 ﾠprotocol.	 ﾠ	 ﾠThe	 ﾠsamples	 ﾠ
were	 ﾠwashed	 ﾠ5	 ﾠx	 ﾠ5	 ﾠminutes	 ﾠwith	 ﾠPBST	 ﾠand	 ﾠblocked	 ﾠin	 ﾠ10%	 ﾠgoat	 ﾠserum	 ﾠfor	 ﾠ1	 ﾠhour	 ﾠat	 ﾠ
room	 ﾠtemperature.	 ﾠ	 ﾠPrimary	 ﾠantibodies	 ﾠ(Table	 ﾠ2-ﾭ‐3)	 ﾠwere	 ﾠadded	 ﾠin	 ﾠ10%	 ﾠgoat	 ﾠserum	 ﾠ
and	 ﾠincubated	 ﾠat	 ﾠ4°C	 ﾠovernight.	 ﾠ	 ﾠThe	 ﾠfollowing	 ﾠday	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠwashed	 ﾠ6	 ﾠx	 ﾠ30	 ﾠ
minutes	 ﾠwith	 ﾠPBST	 ﾠat	 ﾠroom	 ﾠtemperature.	 ﾠ	 ﾠSecondary	 ﾠantibodies	 ﾠwere	 ﾠadded	 ﾠin	 ﾠ5%	 ﾠ
goat	 ﾠserum	 ﾠand	 ﾠincubated	 ﾠat	 ﾠ4°C	 ﾠovernight.	 ﾠ	 ﾠOn	 ﾠthe	 ﾠfinal	 ﾠday,	 ﾠembryos	 ﾠwere	 ﾠwashed	 ﾠ
4	 ﾠx	 ﾠ30	 ﾠminutes	 ﾠwith	 ﾠPBST	 ﾠat	 ﾠroom	 ﾠtemperature,	 ﾠincubated	 ﾠwith	 ﾠ4',6-ﾭ‐diamidino-ﾭ‐2-ﾭ‐
phenylindole	 ﾠ(DAPI)	 ﾠfor	 ﾠ30	 ﾠminutes	 ﾠat	 ﾠroom	 ﾠtemperature,	 ﾠand	 ﾠfinally	 ﾠwashed	 ﾠ4	 ﾠx	 ﾠ30	 ﾠ
minutes	 ﾠwith	 ﾠPBST	 ﾠbefore	 ﾠbeing	 ﾠprocessed	 ﾠfor	 ﾠmounting.	 ﾠ
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 ﾠ
Antigen	 ﾠ(clone)	 ﾠ Species	 ﾠ Dilution	 ﾠ Source	 ﾠ(Cat.	 ﾠNo.)	 ﾠ
Myc	 ﾠ(9E10)	 ﾠ Mouse	 ﾠIgG1	 ﾠ 1:500	 ﾠ Santa	 ﾠCruz	 ﾠ(sc-ﾭ‐40)	 ﾠ
HA	 ﾠ(3F10)	 ﾠ Rat	 ﾠIgG1	 ﾠ 1:200	 ﾠ Roche	 ﾠ(1867423)	 ﾠ
FLAG	 ﾠ(M2)	 ﾠ*	 ﾠ Mouse	 ﾠIgG1	 ﾠ 1:200	 ﾠ Sigma	 ﾠ(F1804)	 ﾠ




Rabbit	 ﾠIgG	 ﾠ(polyclonal)	 ﾠ 1:2000	 ﾠ Wilkinson	 ﾠLab	 ﾠ
Mouse	 ﾠPlzf	 ﾠ*	 ﾠ Mouse	 ﾠIgG2a	 ﾠ 1:200	 ﾠ Active	 ﾠMotif	 ﾠ(39988)	 ﾠ
Human	 ﾠPlzf	 ﾠ*	 ﾠ Mouse	 ﾠIgG2a	 ﾠ 1:200	 ﾠ Calbiochem	 ﾠ(OP128)	 ﾠ
GFAP	 ﾠ(6F2)	 ﾠ Rabbit	 ﾠIgG	 ﾠ(polyclonal)	 ﾠ 1:200	 ﾠ Dako	 ﾠ(M076101-ﾭ‐2)	 ﾠ
zrf-ﾭ‐1	 ﾠ Mouse	 ﾠIgG1	 ﾠ 1:200	 ﾠ
Zebrafish	 ﾠInternational	 ﾠ
Resource	 ﾠCentre,	 ﾠ
University	 ﾠof	 ﾠOregon	 ﾠ
Sox2	 ﾠ Rabbit	 ﾠIgG	 ﾠ(polyclonal)	 ﾠ 1:200	 ﾠ Abcam	 ﾠ(ab97959)	 ﾠ
GFP	 ﾠ Rabbit	 ﾠIgG	 ﾠ(polyclonal)	 ﾠ 1:200	 ﾠ Torrey	 ﾠPines	 ﾠBiolabs	 ﾠ
(TP401)	 ﾠ
Prox1	 ﾠ Mouse	 ﾠIgG1	 ﾠ 1:100	 ﾠ Abcam	 ﾠ(ab33219)	 ﾠ
EphA4	 ﾠ Rabbit	 ﾠ 1:450	 ﾠ Wilkinson	 ﾠLab	 ﾠ
Islet1/2	 ﾠ(39.4DS)	 ﾠ Mouse	 ﾠIgG2b	 ﾠ 1:100	 ﾠ Developmental	 ﾠStudies	 ﾠ
Hybridoma	 ﾠBank,	 ﾠ
University	 ﾠof	 ﾠIowa	 ﾠ
Table	 ﾠ2-ﾭ‐3:	 ﾠList	 ﾠof	 ﾠprimary	 ﾠantibodies	 ﾠused	 ﾠfor	 ﾠIHC.	 ﾠ	 ﾠ
Antibodies	 ﾠindicated	 ﾠwith	 ﾠan	 ﾠasterisk	 ﾠ(*)	 ﾠweren’t	 ﾠdetected	 ﾠin	 ﾠzebrafish	 ﾠIHC.	 ﾠ	 ﾠ
Mounting,	 ﾠimaging	 ﾠand	 ﾠprocessing	 ﾠ
For	 ﾠtransverse	 ﾠsections,	 ﾠ5-ﾭ‐10	 ﾠembryos	 ﾠin	 ﾠPBST	 ﾠwere	 ﾠplaced	 ﾠin	 ﾠa	 ﾠsmall	 ﾠplastic	 ﾠ
mould.	 ﾠ	 ﾠThe	 ﾠmajority	 ﾠof	 ﾠthe	 ﾠPBST	 ﾠwas	 ﾠremoved	 ﾠand	 ﾠmelted	 ﾠ4%	 ﾠagarose	 ﾠ/	 ﾠwater	 ﾠwas	 ﾠ
added	 ﾠto	 ﾠthe	 ﾠembryos.	 ﾠ	 ﾠUsing	 ﾠforceps,	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠarranged	 ﾠin	 ﾠthe	 ﾠrequired	 ﾠ
orientation	 ﾠbefore	 ﾠthe	 ﾠagarose	 ﾠsets.	 ﾠ	 ﾠThe	 ﾠsolid	 ﾠagarose	 ﾠblocks	 ﾠwere	 ﾠkept	 ﾠunder	 ﾠdamp	 ﾠ
conditions	 ﾠovernight	 ﾠat	 ﾠ4°C.	 ﾠ	 ﾠThe	 ﾠembryos	 ﾠwere	 ﾠsectioned	 ﾠusing	 ﾠa	 ﾠVibratome	 ﾠ(Lecia	 ﾠ
VT1000	 ﾠS),	 ﾠgenerating	 ﾠtransverse	 ﾠsections	 ﾠof	 ﾠa	 ﾠthickness	 ﾠbetween	 ﾠ80	 ﾠ–	 ﾠ120	 ﾠμm.	 ﾠ
	 ﾠ	 ﾠFor	 ﾠall	 ﾠother	 ﾠimaging	 ﾠpurposes,	 ﾠembryos	 ﾠwere	 ﾠstored	 ﾠin	 ﾠ70%	 ﾠglycerol	 ﾠ/	 ﾠPBS	 ﾠ
and	 ﾠkept	 ﾠat	 ﾠ4°C	 ﾠuntil	 ﾠrequired.	 ﾠ	 ﾠPrior	 ﾠto	 ﾠmounting	 ﾠthe	 ﾠyolk	 ﾠwas	 ﾠmanually	 ﾠremoved	 ﾠ
from	 ﾠthe	 ﾠembryo.	 ﾠ	 ﾠFor	 ﾠflat	 ﾠmounting,	 ﾠembryos	 ﾠwere	 ﾠplaced	 ﾠwith	 ﾠtheir	 ﾠventral	 ﾠsurface	 ﾠ
contacting	 ﾠa	 ﾠglass	 ﾠslide.	 ﾠ	 ﾠFor	 ﾠside	 ﾠmounting,	 ﾠembryos	 ﾠwere	 ﾠplaced	 ﾠwith	 ﾠa	 ﾠlateral	 ﾠ
surface	 ﾠcontacting	 ﾠthe	 ﾠslide.	 ﾠ	 ﾠA	 ﾠcoverslip	 ﾠwas	 ﾠplaced	 ﾠonto	 ﾠthe	 ﾠsamples	 ﾠsuch	 ﾠthat	 ﾠit	 ﾠis	 ﾠ
in	 ﾠcontact	 ﾠwith	 ﾠthe	 ﾠsurface	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠand	 ﾠ70	 ﾠ%	 ﾠglycerol	 ﾠadded.	 ﾠ	 ﾠ	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Samples	 ﾠwere	 ﾠvisualised	 ﾠusing	 ﾠa	 ﾠZeiss	 ﾠAxio	 ﾠImager.Z2	 ﾠmicroscope	 ﾠfitted	 ﾠwith	 ﾠa	 ﾠ
Zeiss	 ﾠAxiocam	 ﾠdigital	 ﾠcamera.	 ﾠ	 ﾠWhen	 ﾠspecified,	 ﾠfluorescent	 ﾠimages	 ﾠare	 ﾠcaptured	 ﾠ
using	 ﾠa	 ﾠLeica	 ﾠTCS	 ﾠSP2	 ﾠconfocal	 ﾠmicroscope.	 ﾠ	 ﾠImages	 ﾠwere	 ﾠprocessed	 ﾠusing	 ﾠImageJ	 ﾠ
(NIH)	 ﾠand	 ﾠAdobe	 ﾠPhotoshop.	 ﾠ
2.3  Morpholino	 ﾠoligonucleotides	 ﾠand	 ﾠRNA	 ﾠmicroinjections	 ﾠ
Morpholinos	 ﾠ
Morpholino	 ﾠoligonucleotides	 ﾠ(MO)	 ﾠwere	 ﾠpurchased	 ﾠfrom	 ﾠGene	 ﾠTools	 ﾠ
(Oregon,	 ﾠUSA)	 ﾠand	 ﾠdissolved,	 ﾠaliquoted	 ﾠand	 ﾠstored	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠat	 ﾠa	 ﾠ
concentration	 ﾠof	 ﾠ1	 ﾠmM	 ﾠas	 ﾠpreviously	 ﾠdescribed	 ﾠ(Gerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠ
Blastomeres	 ﾠ(1-ﾭ‐	 ﾠto	 ﾠ4-ﾭ‐cell)	 ﾠwere	 ﾠmicroinjected	 ﾠwith	 ﾠ5	 ﾠ–	 ﾠ10	 ﾠng	 ﾠMO	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠtext.	 ﾠ	 ﾠ
Unless	 ﾠstated	 ﾠotherwise,	 ﾠMOs	 ﾠwere	 ﾠinjected	 ﾠinto	 ﾠp53	 ﾠnull	 ﾠmutant	 ﾠembryos	 ﾠto	 ﾠavoid	 ﾠ
MO	 ﾠmediated	 ﾠoff-ﾭ‐target	 ﾠtoxicity	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠGerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠ
The	 ﾠfollowing	 ﾠtranslation	 ﾠblocking	 ﾠMO	 ﾠsequences	 ﾠwere	 ﾠused:	 ﾠ
plzfa	 ﾠMO,	 ﾠTCTCTGAAATCCACACGGCCAACTC	 ﾠ	 ﾠ
plzfb	 ﾠMO,	 ﾠACATCAAGATTTACCGAACCATCTC	 ﾠ	 ﾠ
neurog1	 ﾠMO,	 ﾠATACGATCTCCATTGTTGATAACCT	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ	 ﾠ
p53	 ﾠMO,	 ﾠGCGCCATTGCTTTGCAAGAATTG	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠ
Control	 ﾠMO,	 ﾠCCTCTTACCTCAGTTACAATTTATA	 ﾠ
Capped	 ﾠRNA	 ﾠ
Capped	 ﾠRNA	 ﾠwas	 ﾠsynthesised	 ﾠusing	 ﾠthe	 ﾠSP6	 ﾠmMessage	 ﾠmMachine	 ﾠkit	 ﾠ
(Ambion)	 ﾠfrom	 ﾠlinearised	 ﾠDNA.	 ﾠ	 ﾠThe	 ﾠRNA	 ﾠwas	 ﾠpurified	 ﾠby	 ﾠphenol:chloroform	 ﾠ
extraction	 ﾠand	 ﾠisopropanol	 ﾠprecipitation	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠthe	 ﾠmanufacturer’s	 ﾠ
protocol.	 ﾠ	 ﾠConstructs	 ﾠused	 ﾠto	 ﾠgenerate	 ﾠcapped	 ﾠRNA,	 ﾠother	 ﾠthan	 ﾠthose	 ﾠgenerating	 ﾠ
TALEN	 ﾠRNA,	 ﾠare	 ﾠdescribed	 ﾠbelow	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐4.	 ﾠ	 ﾠBetween	 ﾠ30	 ﾠ–	 ﾠ300	 ﾠpg	 ﾠwas	 ﾠinjected	 ﾠ
into	 ﾠthe	 ﾠone	 ﾠcell	 ﾠstage	 ﾠof	 ﾠthe	 ﾠembryo,	 ﾠas	 ﾠspecified	 ﾠin	 ﾠthe	 ﾠtext.	 ﾠ
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Construct	 ﾠ Source	 ﾠ
pCS2-ﾭ‐H2B-ﾭ‐Citrine	 ﾠ Megason	 ﾠLab	 ﾠ
pCS2-ﾭ‐H2B-ﾭ‐RFP	 ﾠ Megason	 ﾠLab	 ﾠ
pCS2-ﾭ‐HA-ﾭ‐Plzfa	 ﾠ Wilkinson	 ﾠLab	 ﾠ	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
pCS2-ﾭ‐Myc-ﾭ‐Plzfa	 ﾠ Wilkinson	 ﾠLab	 ﾠ	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
	 ﾠ pCS2-ﾭ‐Plzfa-ﾭ‐FLAG	 ﾠ Wilkinson	 ﾠLab	 ﾠ
pCS2-ﾭ‐Plzfa-ﾭ‐Myc	 ﾠ Described	 ﾠbelow	 ﾠ
pCS2-ﾭ‐Myc-ﾭ‐Btbd6a	 ﾠ Wilkinson	 ﾠLab	 ﾠ	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
pCS2-ﾭ‐Neurog1	 ﾠ Wilkinson	 ﾠLab	 ﾠ	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
Table	 ﾠ2-ﾭ‐4:	 ﾠ	 ﾠList	 ﾠof	 ﾠconstructs	 ﾠused	 ﾠfor	 ﾠgenerating	 ﾠcapped	 ﾠRNA	 ﾠ	 ﾠ
	 ﾠ
2.4  Cell	 ﾠculture,	 ﾠtransfection	 ﾠand	 ﾠimmunohistochemistry	 ﾠ
HEK293	 ﾠcells	 ﾠwere	 ﾠgrown	 ﾠas	 ﾠdescribed	 ﾠ(Poliakov	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠCells	 ﾠwere	 ﾠ
transfected	 ﾠwith	 ﾠ1	 ﾠug	 ﾠof	 ﾠthe	 ﾠappropriate	 ﾠplasmid	 ﾠusing	 ﾠFuGENE	 ﾠHD	 ﾠTransfection	 ﾠ
Reagent	 ﾠ(Promega)	 ﾠaccording	 ﾠto	 ﾠmanufacturers	 ﾠinstructions.	 ﾠ	 ﾠFor	 ﾠIHC,	 ﾠcells	 ﾠwere	 ﾠ
fixed	 ﾠafter	 ﾠ48	 ﾠhour	 ﾠusing	 ﾠ4%	 ﾠformaldehyde	 ﾠfor	 ﾠ15	 ﾠmin	 ﾠat	 ﾠroom	 ﾠtemperature,	 ﾠwashed	 ﾠ
with	 ﾠPBST,	 ﾠblocked	 ﾠfor	 ﾠ1	 ﾠhour	 ﾠin	 ﾠ4%	 ﾠdonkey	 ﾠserum	 ﾠand	 ﾠ2%	 ﾠbovine	 ﾠserum	 ﾠalbumin	 ﾠ
and	 ﾠstained	 ﾠusing	 ﾠprimary	 ﾠand	 ﾠsubsequently	 ﾠsecondary	 ﾠantibodies	 ﾠdiluted	 ﾠin	 ﾠblocking	 ﾠ
buffer	 ﾠ(Odyssey).	 ﾠ
2.5  Design	 ﾠand	 ﾠconstruction	 ﾠof	 ﾠTranscription	 ﾠActivator-ﾭ‐Like	 ﾠEffector	 ﾠ
Nucleases	 ﾠ(TALENs)	 ﾠ
TALENs	 ﾠwere	 ﾠdesigned	 ﾠand	 ﾠbuilt	 ﾠusing	 ﾠprinciples	 ﾠoutlined	 ﾠpreviously	 ﾠ(Cermak	 ﾠ
et	 ﾠal.,	 ﾠ2011,	 ﾠHuang	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠSander	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠDahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠBriefly,	 ﾠ
each	 ﾠTALEN	 ﾠarray	 ﾠwas	 ﾠdesigned	 ﾠsuch	 ﾠthat	 ﾠ1)	 ﾠit	 ﾠrecognised	 ﾠ16	 ﾠ–	 ﾠ20	 ﾠbase	 ﾠpairs	 ﾠof	 ﾠ
sequence,	 ﾠ2)	 ﾠa	 ﾠspacer	 ﾠof	 ﾠlength	 ﾠ14	 ﾠ–	 ﾠ17	 ﾠbp	 ﾠfalls	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠarrays	 ﾠin	 ﾠthe	 ﾠ
targeting	 ﾠpair,	 ﾠ3)	 ﾠa	 ﾠthymine	 ﾠbase	 ﾠis	 ﾠimmediately	 ﾠupstream	 ﾠof	 ﾠthe	 ﾠDNA	 ﾠtargeted	 ﾠby	 ﾠ
each	 ﾠarray	 ﾠand	 ﾠ4)	 ﾠno	 ﾠhomology	 ﾠwith	 ﾠother	 ﾠgenes	 ﾠwas	 ﾠfound	 ﾠfor	 ﾠthe	 ﾠregion	 ﾠtargeted.	 ﾠ	 ﾠ
A	 ﾠlist	 ﾠof	 ﾠpotential	 ﾠTALENs	 ﾠwas	 ﾠgenerated	 ﾠusing	 ﾠthe	 ﾠTALEN	 ﾠtargeter	 ﾠsoftware	 ﾠavailable	 ﾠ
online	 ﾠ(https://boglab.plp.iastate.edu/	 ﾠ(Cermak	 ﾠet	 ﾠal.,	 ﾠ2011))	 ﾠand	 ﾠsubsequent	 ﾠ
selection	 ﾠwas	 ﾠperformed	 ﾠmanually.	 ﾠ
	 ﾠ TALEN	 ﾠconstruction	 ﾠwas	 ﾠperformed	 ﾠusing	 ﾠthe	 ﾠGolden	 ﾠGate	 ﾠcloning	 ﾠ
technique	 ﾠdesigned	 ﾠfor	 ﾠrapid	 ﾠgeneration	 ﾠof	 ﾠlarge	 ﾠconstructs	 ﾠ(Engler	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠ
Cermak	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠset	 ﾠof	 ﾠplasmids	 ﾠto	 ﾠdo	 ﾠthis	 ﾠwas	 ﾠobtained	 ﾠfrom	 ﾠAddgene	 ﾠ(Cat	 ﾠ
#1000000016)	 ﾠand	 ﾠthe	 ﾠdesigned	 ﾠTALENs	 ﾠwere	 ﾠbuilt	 ﾠusing	 ﾠthe	 ﾠ5-ﾭ‐day	 ﾠprotocol	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ 65	 ﾠ 	 ﾠ
described	 ﾠ(Cermak	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠGolden	 ﾠGate	 ﾠcompatible	 ﾠdestination	 ﾠvectors	 ﾠ
pCS2TAL3-ﾭ‐DD	 ﾠand	 ﾠpCS2TAL3-ﾭ‐RR	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012)	 ﾠwere	 ﾠobtained	 ﾠfrom	 ﾠAddgene	 ﾠ
(Cat.	 ﾠNo.	 ﾠ37275	 ﾠand	 ﾠ37276).	 ﾠ	 ﾠOnce	 ﾠconstructed,	 ﾠthe	 ﾠDNA	 ﾠwas	 ﾠlinearised	 ﾠusing	 ﾠthe	 ﾠ
NotI	 ﾠrestriction	 ﾠenzyme	 ﾠand	 ﾠcapped	 ﾠRNA	 ﾠsynthesised	 ﾠusing	 ﾠthe	 ﾠSP6	 ﾠmMessage	 ﾠ
Machine	 ﾠkit	 ﾠ(Ambion).	 ﾠ	 ﾠEqual	 ﾠamounts	 ﾠof	 ﾠleft	 ﾠand	 ﾠright	 ﾠTALEN	 ﾠmRNA	 ﾠwere	 ﾠinjected	 ﾠ
together	 ﾠinto	 ﾠthe	 ﾠone	 ﾠcell	 ﾠstage	 ﾠzebrafish	 ﾠembryo.	 ﾠ
Plasmids	 ﾠencoding	 ﾠheterodimeric	 ﾠFokI	 ﾠcontaining	 ﾠthe	 ﾠKK	 ﾠand	 ﾠEL	 ﾠmutations	 ﾠ
described	 ﾠpreviously	 ﾠ(Miller	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠwere	 ﾠobtained	 ﾠfrom	 ﾠAddgene	 ﾠ(Cat.	 ﾠNo.	 ﾠ
21872	 ﾠand	 ﾠ21873).	 ﾠ	 ﾠThe	 ﾠFokI	 ﾠwas	 ﾠexcised	 ﾠfrom	 ﾠthese	 ﾠfragments	 ﾠindividually	 ﾠand	 ﾠ
cloned	 ﾠinto	 ﾠpCS2TAL3-ﾭ‐DD	 ﾠand	 ﾠpCS2TAL3-ﾭ‐RR	 ﾠrespectively,	 ﾠforming	 ﾠGolden	 ﾠGate	 ﾠ
compatible	 ﾠdestination	 ﾠvectors	 ﾠpCS2TAL3-ﾭ‐KK	 ﾠand	 ﾠpCS2TAL3-ﾭ‐EL.	 ﾠ	 ﾠTable	 ﾠ2-ﾭ‐5	 ﾠcontains	 ﾠa	 ﾠ
list	 ﾠof	 ﾠthe	 ﾠvarious	 ﾠTALEN	 ﾠarrays	 ﾠconstructed.	 ﾠ
	 ﾠ
Construct	 ﾠName	 ﾠ Gene	 ﾠtargeted	 ﾠ FokI	 ﾠbackbone	 ﾠ
	 ﾠgolden	 ﾠTALEN	 ﾠLeft	 ﾠ
slc24a5	 ﾠ(golden)	 ﾠ
pCS2TAL3-ﾭ‐DD	 ﾠ
golden	 ﾠTALEN	 ﾠRight	 ﾠ pCS2TAL3-ﾭ‐RR	 ﾠ




plzfa	 ﾠTALEN	 ﾠRight	 ﾠ pCS2TAL3-ﾭ‐RR	 ﾠ
plzfa	 ﾠTALEN	 ﾠLeft	 ﾠ
(KK)	 ﾠ
pCS2TAL3-ﾭ‐KK	 ﾠ
plzfa	 ﾠTALEN	 ﾠRight	 ﾠ
(EL)	 ﾠ
pCS2TAL3-ﾭ‐EL	 ﾠ
plzfb	 ﾠTALEN	 ﾠLeft	 ﾠ
plzfb	 ﾠ
pCS2TAL3-ﾭ‐DD	 ﾠ
plzfb	 ﾠTALEN	 ﾠRight	 ﾠ pCS2TAL3-ﾭ‐RR	 ﾠ
redd1	 ﾠTALEN	 ﾠLeft	 ﾠ
redd1	 ﾠ
pCS2TAL3-ﾭ‐DD	 ﾠ
redd1	 ﾠTALEN	 ﾠRight	 ﾠ pCS2TAL3-ﾭ‐RR	 ﾠ
btbd6a	 ﾠTALEN	 ﾠLeft	 ﾠ
btbd6a	 ﾠ
pCS2TAL3-ﾭ‐DD	 ﾠ
btbd6a	 ﾠTALEN	 ﾠRight	 ﾠ pCS2TAL3-ﾭ‐RR	 ﾠ
Table	 ﾠ2-ﾭ‐5:	 ﾠ	 ﾠList	 ﾠof	 ﾠTALEN	 ﾠconstructs	 ﾠ	 ﾠ
2.6  Generating	 ﾠnickases	 ﾠ
Site	 ﾠdirected	 ﾠmutagenesis	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠthe	 ﾠQuikChange	 ﾠII	 ﾠkit	 ﾠ
(Stratagene)	 ﾠfollowing	 ﾠmanufactures’	 ﾠinstructions.	 ﾠ	 ﾠThe	 ﾠpreviously	 ﾠdescribed	 ﾠprimers	 ﾠ
(Kim	 ﾠet	 ﾠal.,	 ﾠ2012)	 ﾠused	 ﾠto	 ﾠgenerate	 ﾠthe	 ﾠD450A	 ﾠmutation	 ﾠin	 ﾠthe	 ﾠFokI	 ﾠdomain	 ﾠwere:	 ﾠ
D450A	 ﾠFwd:	 ﾠGATCAAGGAAACCGGCCGGAGCAATTTATAC	 ﾠ
D450A	 ﾠRv:	 ﾠGTATAAATTGCTCCGGCCGGTTTCCTTGATC.	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	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2.7  Genotyping	 ﾠ
Genomic	 ﾠDNA	 ﾠ(gDNA)	 ﾠwas	 ﾠobtained	 ﾠfrom	 ﾠindividual	 ﾠthree	 ﾠdays	 ﾠpost	 ﾠ
fertilisation	 ﾠembryos	 ﾠor	 ﾠfrom	 ﾠfin	 ﾠclips	 ﾠfrom	 ﾠadult	 ﾠfish	 ﾠby	 ﾠlysis	 ﾠin	 ﾠ50	 ﾠul	 ﾠDNA	 ﾠextraction	 ﾠ
buffer	 ﾠ(10	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.0),	 ﾠ10	 ﾠmM	 ﾠEDTA,	 ﾠ0.2%	 ﾠTriton,	 ﾠ0.2	 ﾠmg/ml	 ﾠProteinase	 ﾠK)	 ﾠ
at	 ﾠ55°C	 ﾠfor	 ﾠ9	 ﾠhours.	 ﾠ	 ﾠThe	 ﾠreaction	 ﾠwas	 ﾠterminated	 ﾠby	 ﾠheating	 ﾠthe	 ﾠsamples	 ﾠat	 ﾠ95°C	 ﾠfor	 ﾠ
20	 ﾠminutes.	 ﾠ
The	 ﾠpresence	 ﾠof	 ﾠTALEN-ﾭ‐induced	 ﾠmutations	 ﾠwas	 ﾠdetermined	 ﾠby	 ﾠHigh	 ﾠ
Resolution	 ﾠMelt	 ﾠ(HRM)	 ﾠcurve	 ﾠanalysis,	 ﾠas	 ﾠpreviously	 ﾠdescribed	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ
Primers	 ﾠwere	 ﾠdesigned	 ﾠusing	 ﾠPrimer3	 ﾠ(http://frodo.wi.mit.edu/primer3/)	 ﾠto	 ﾠamplify	 ﾠ
~	 ﾠ100	 ﾠbp	 ﾠgDNA	 ﾠaround	 ﾠthe	 ﾠTALEN	 ﾠpair	 ﾠtarget	 ﾠsite.	 ﾠ	 ﾠTriplicate	 ﾠ20	 ﾠμl	 ﾠreactions	 ﾠ
containing	 ﾠ1	 ﾠμl	 ﾠof	 ﾠgDNA	 ﾠwere	 ﾠamplified	 ﾠand	 ﾠdenatured	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠ
MeltDoctor	 ﾠHRM	 ﾠDye	 ﾠ(Applied	 ﾠBiosystems)	 ﾠusing	 ﾠan	 ﾠApplied	 ﾠBiosystems	 ﾠ7900HT	 ﾠFast	 ﾠ
Real-ﾭ‐Time	 ﾠPCR	 ﾠSystem	 ﾠaccording	 ﾠto	 ﾠmanufacturers	 ﾠinstructions.	 ﾠ	 ﾠHRM	 ﾠdata	 ﾠwas	 ﾠ
analysed	 ﾠusing	 ﾠthe	 ﾠApplied	 ﾠBiosystems	 ﾠHRM	 ﾠSoftware	 ﾠv2.0	 ﾠand	 ﾠused	 ﾠto	 ﾠgenerate	 ﾠthe	 ﾠ
melt	 ﾠprofiles	 ﾠshown	 ﾠwithin	 ﾠthe	 ﾠtext.	 ﾠ	 ﾠMinor	 ﾠimage	 ﾠimprovements	 ﾠand	 ﾠaddition	 ﾠof	 ﾠ
annotations	 ﾠwere	 ﾠperformed	 ﾠusing	 ﾠAdobe	 ﾠIllustrator.	 ﾠ
When	 ﾠspecified,	 ﾠaround	 ﾠ500	 ﾠbp	 ﾠof	 ﾠgDNA	 ﾠwas	 ﾠamplified	 ﾠby	 ﾠthe	 ﾠpolymerase	 ﾠ
chain	 ﾠreaction	 ﾠ(PCR)	 ﾠand	 ﾠsubject	 ﾠto	 ﾠdownstream	 ﾠanalysis.	 ﾠ	 ﾠFor	 ﾠsequencing	 ﾠindividual	 ﾠ
alleles,	 ﾠthe	 ﾠPCR	 ﾠproduct	 ﾠwas	 ﾠcloned	 ﾠinto	 ﾠpGEM-ﾭ‐T	 ﾠEasy	 ﾠ(Promega),	 ﾠtransformed	 ﾠinto	 ﾠ
competent	 ﾠbacteria,	 ﾠand	 ﾠindividual	 ﾠcolonies	 ﾠwere	 ﾠpicked	 ﾠto	 ﾠcarry	 ﾠout	 ﾠcolony	 ﾠPCR	 ﾠ
using	 ﾠthe	 ﾠSP6	 ﾠand	 ﾠT7	 ﾠprimers.	 ﾠ	 ﾠThe	 ﾠresulting	 ﾠPCR	 ﾠproduct	 ﾠwas	 ﾠsequenced	 ﾠ(GATC	 ﾠ
Biotech).	 ﾠ	 ﾠRestriction	 ﾠFragment	 ﾠLength	 ﾠPolymorphism	 ﾠ(RFLP)	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠin	 ﾠorder	 ﾠ
to	 ﾠanalyse	 ﾠthe	 ﾠloss	 ﾠof	 ﾠa	 ﾠrestriction	 ﾠenzyme	 ﾠrecognition	 ﾠsite	 ﾠpresent	 ﾠwithin	 ﾠthe	 ﾠTALEN	 ﾠ
spacer	 ﾠregion.	 ﾠ	 ﾠThe	 ﾠPCR	 ﾠproducts	 ﾠwere	 ﾠdigested	 ﾠwith	 ﾠthe	 ﾠrestriction	 ﾠenzymes	 ﾠ
described	 ﾠwithin	 ﾠthe	 ﾠtext	 ﾠand	 ﾠresolved	 ﾠon	 ﾠa	 ﾠ2%	 ﾠagarose	 ﾠgel.	 ﾠ	 ﾠ
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Name	 ﾠ Sequence	 ﾠ Purpose	 ﾠ
golden	 ﾠHRM	 ﾠFwd	 ﾠ CAGGAGAGGAAAGATGGAGGAA	 ﾠ*	 ﾠ HRM	 ﾠ
golden	 ﾠHRM	 ﾠRv	 ﾠ GCTGATGACCTCCAGAGATGG	 ﾠ*	 ﾠ HRM	 ﾠ
plzfa	 ﾠTarget	 ﾠSite	 ﾠHRM	 ﾠFwd	 ﾠ GCCGTGTGGATTTCAGAGAC	 ﾠ HRM	 ﾠ
plzfa	 ﾠTarget	 ﾠSite	 ﾠHRM	 ﾠRv	 ﾠ GCGCATCTGATTAGCCTTGT	 ﾠ HRM	 ﾠ
plzfa	 ﾠOff-ﾭ‐Target	 ﾠSite	 ﾠHRM	 ﾠFwd	 ﾠ GGAATGATCCAGCTCCAGAA	 ﾠ HRM	 ﾠ
plzfa	 ﾠOff-ﾭ‐Target	 ﾠSite	 ﾠHRM	 ﾠRv	 ﾠ CCACCATGATGACCACGTC	 ﾠ HRM	 ﾠ
plzfb	 ﾠTarget	 ﾠSite	 ﾠHRM	 ﾠFwd	 ﾠ GTTCTGTGCGCATGAAACTC	 ﾠ HRM	 ﾠ
plzfb	 ﾠTarget	 ﾠSite	 ﾠHRM	 ﾠRv	 ﾠ CAGCCACCCTACAACTCTCC	 ﾠ HRM	 ﾠ
plzfb	 ﾠOff-ﾭ‐Target	 ﾠSite	 ﾠHRM	 ﾠFwd	 ﾠ GATGGTTCGGTAAATCTTGATG	 ﾠ HRM	 ﾠ
plzfb	 ﾠOff-ﾭ‐Target	 ﾠSite	 ﾠHRM	 ﾠRv	 ﾠ AGACAGGCGCATCTGGTT	 ﾠ HRM	 ﾠ
btbd6a	 ﾠHRM	 ﾠFwd	 ﾠ TGGCTACACTCTATGCTGCAA	 ﾠ HRM	 ﾠ
btbd6a	 ﾠHRM	 ﾠRv	 ﾠ ATTTCGCGCCTCCAGACT	 ﾠ HRM	 ﾠ
redd1	 ﾠHRM	 ﾠFwd	 ﾠ CGTCCACACCGACATCTG	 ﾠ HRM	 ﾠ
redd1	 ﾠHRM	 ﾠRv	 ﾠ TGTGGTTGTCGGAGTCAGAG	 ﾠ HRM	 ﾠ
plzfa	 ﾠPCR	 ﾠFwd	 ﾠ ACAAGAAAACGAACAACTGCAA	 ﾠ PCR	 ﾠ/	 ﾠRFLP	 ﾠ
plzfa	 ﾠPCR	 ﾠRv	 ﾠ CTTGGAGCGTGGCAGTGTAG	 ﾠ PCR	 ﾠ/	 ﾠRFLP	 ﾠ
plzfb	 ﾠPCR	 ﾠFwd	 ﾠ CAGTTGCAGGAGCACTCAAG	 ﾠ PCR	 ﾠ/	 ﾠRFLP	 ﾠ
plzfb	 ﾠPCR	 ﾠRv	 ﾠ AACCGCCATCTTGTATGGAA	 ﾠ PCR	 ﾠ/	 ﾠRFLP	 ﾠ
F1	 ﾠ GCCGTGTGGATTTCAGAGAC	 ﾠ PCR	 ﾠ
F2	 ﾠ GAAATCGGCAAAATCCCTTA	 ﾠ PCR	 ﾠ
F3	 ﾠ CAGGAGAGGAAAGATGGAGGAA	 ﾠ*	 ﾠ PCR	 ﾠ
F4	 ﾠ TGAGTTTGGACAAACCACAAC	 ﾠ PCR	 ﾠ
R1	 ﾠ TGAAGTCGATGCCCTTCAG	 ﾠ PCR	 ﾠ
R2	 ﾠ ACTCCTGGCTGTCCACCAT	 ﾠ PCR	 ﾠ
R3	 ﾠ CTGTTCCGGTGAAAGAGGAT	 ﾠ PCR	 ﾠ
SP6	 ﾠ ATTTAGGTGACACTATAGAA	 ﾠ Colony	 ﾠPCR	 ﾠ
T7	 ﾠ TAATACGACTCACTATAGG	 ﾠ Colony	 ﾠPCR	 ﾠ
Table	 ﾠ2-ﾭ‐6:	 ﾠList	 ﾠof	 ﾠprimers	 ﾠused	 ﾠfor	 ﾠgenotyping	 ﾠ	 ﾠ
Golden	 ﾠHRM	 ﾠprimers	 ﾠ(*)	 ﾠwere	 ﾠpreviously	 ﾠdescribed	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ
2.8  Targeted	 ﾠknock-ﾭ‐ins	 ﾠ
Construction	 ﾠof	 ﾠdonor	 ﾠplasmids	 ﾠ
The	 ﾠnon-ﾭ‐expression	 ﾠvector	 ﾠpBluescript	 ﾠII	 ﾠKS	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠbackbone	 ﾠfor	 ﾠdonor	 ﾠ
plasmid	 ﾠconstruction.	 ﾠ	 ﾠFollowing	 ﾠguidelines	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠthe	 ﾠleft	 ﾠand	 ﾠright	 ﾠ
TALEN	 ﾠbinding	 ﾠsites	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠwere	 ﾠinverted	 ﾠwhilst	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠ
remained	 ﾠin	 ﾠthe	 ﾠsame	 ﾠdirection	 ﾠas	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ	 ﾠThe	 ﾠcoding	 ﾠregion	 ﾠfor	 ﾠ
eGFP	 ﾠfrom	 ﾠeGFP-ﾭ‐N1	 ﾠ(Clontech)	 ﾠis	 ﾠpreceded	 ﾠby	 ﾠthe	 ﾠsequence	 ﾠencoding	 ﾠthe	 ﾠ19	 ﾠamino	 ﾠ
acid	 ﾠPTV1-ﾭ‐2A	 ﾠ(P2A)	 ﾠmotif	 ﾠ(Poulain	 ﾠand	 ﾠOber,	 ﾠ2011)	 ﾠand	 ﾠfollowed	 ﾠby	 ﾠthe	 ﾠSV40	 ﾠ
polyadenylation	 ﾠsignal	 ﾠfrom	 ﾠthe	 ﾠpCS2
+	 ﾠvector.	 ﾠ	 ﾠFlanking	 ﾠthe	 ﾠ2A-ﾭ‐eGFP-ﾭ‐polyA	 ﾠcassette	 ﾠ
are	 ﾠtwo	 ﾠ39	 ﾠbp	 ﾠattP	 ﾠsites	 ﾠ(Hu	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠentire	 ﾠ1271	 ﾠbp	 ﾠregion	 ﾠwas	 ﾠsynthesised	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
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by	 ﾠGENEWIZ	 ﾠand	 ﾠsubcloned	 ﾠinto	 ﾠpBluescript	 ﾠII	 ﾠKS,	 ﾠgenerating	 ﾠplzfa	 ﾠeGFP	 ﾠDonor	 ﾠ
Plasmid.	 ﾠ	 ﾠA	 ﾠplasmid	 ﾠmap	 ﾠfor	 ﾠthe	 ﾠplzfa	 ﾠeGFP	 ﾠDonor	 ﾠPlasmid	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠin	 ﾠAppendix	 ﾠ
Figure	 ﾠ8-ﾭ‐6.	 ﾠ	 ﾠFor	 ﾠother	 ﾠdonor	 ﾠconstructs,	 ﾠeGFP	 ﾠwas	 ﾠremoved	 ﾠand	 ﾠH2B-ﾭ‐citrine	 ﾠfrom	 ﾠ
pCS2-ﾭ‐H2B-ﾭ‐citrine	 ﾠwas	 ﾠcloned	 ﾠin-ﾭ‐frame	 ﾠto	 ﾠgenerate	 ﾠP2A-ﾭ‐H2B-ﾭ‐citrine-ﾭ‐polyA	 ﾠ(plzfa	 ﾠ
Citrine	 ﾠDonor	 ﾠPlasmid).	 ﾠ	 ﾠThe	 ﾠGAL4;	 ﾠUAS-ﾭ‐tdTomato	 ﾠcassette	 ﾠwas	 ﾠremoved	 ﾠfrom	 ﾠa	 ﾠ
Tol2-ﾭ‐CMLC2-ﾭ‐GAL4;	 ﾠUAS-ﾭ‐tdTomato	 ﾠplasmid	 ﾠ(Gerety	 ﾠS,	 ﾠunpublished)	 ﾠand	 ﾠused	 ﾠto	 ﾠ
replace	 ﾠthe	 ﾠeGFP	 ﾠcassette,	 ﾠgenerating	 ﾠP2A-ﾭ‐GAL4-ﾭ‐polyA;	 ﾠUAS-ﾭ‐tdTomato-ﾭ‐polyA	 ﾠ(plzfa	 ﾠ
GAL4	 ﾠDonor	 ﾠPlasmid).	 ﾠ	 ﾠThe	 ﾠalpha	 ﾠcrystallin	 ﾠpromoter	 ﾠ(Kurita	 ﾠet	 ﾠal.,	 ﾠ2003)	 ﾠdriving	 ﾠred	 ﾠ
fluorescent	 ﾠprotein	 ﾠ(RFP)	 ﾠor	 ﾠcitrine	 ﾠwas	 ﾠtaken	 ﾠfrom	 ﾠpreviously	 ﾠdescribed	 ﾠconstructs	 ﾠ
(Gerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011)	 ﾠand	 ﾠinserted	 ﾠ3’	 ﾠto	 ﾠthe	 ﾠexpression	 ﾠcassettes.	 ﾠ	 ﾠSequences	 ﾠ
for	 ﾠthe	 ﾠdescribed	 ﾠcassettes	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠin	 ﾠAppendix	 ﾠFigure	 ﾠ8-ﾭ‐8.	 ﾠ	 ﾠFor	 ﾠplzfa	 ﾠDonor	 ﾠ
Plasmid	 ﾠv2,	 ﾠa	 ﾠsecond	 ﾠinverted	 ﾠTALEN	 ﾠbinding	 ﾠsite	 ﾠwas	 ﾠsynthesised	 ﾠby	 ﾠGENEWIZ	 ﾠand	 ﾠ
subcloned	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠeGFP	 ﾠDonor	 ﾠPlasmid,	 ﾠ3’	 ﾠto	 ﾠthe	 ﾠeGFP	 ﾠcassette.	 ﾠ	 ﾠ	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠconstruct	 ﾠa	 ﾠdonor	 ﾠplasmid	 ﾠtargeting	 ﾠthe	 ﾠgolden	 ﾠgene,	 ﾠthe	 ﾠinverted	 ﾠ
plzfa	 ﾠTALEN	 ﾠbinding	 ﾠsites	 ﾠwere	 ﾠexcised	 ﾠby	 ﾠdigesting	 ﾠthe	 ﾠplasmid	 ﾠwith	 ﾠthe	 ﾠrestriction	 ﾠ
enzymes	 ﾠSacI	 ﾠand	 ﾠClaI.	 ﾠA	 ﾠpair	 ﾠof	 ﾠshort	 ﾠoligonucleotides	 ﾠcontaining	 ﾠthe	 ﾠgolden	 ﾠTALEN	 ﾠ
binding	 ﾠsites	 ﾠwere	 ﾠdesigned	 ﾠsuch	 ﾠthat	 ﾠwhen	 ﾠannealed	 ﾠthey	 ﾠwould	 ﾠcontain	 ﾠoverhangs	 ﾠ
complementary	 ﾠto	 ﾠSacI	 ﾠand	 ﾠClaI	 ﾠas	 ﾠshown	 ﾠbelow.	 ﾠ	 ﾠThe	 ﾠoligonucleotides	 ﾠwere	 ﾠ
annealed	 ﾠfollowing	 ﾠa	 ﾠmethod	 ﾠdescribed	 ﾠpreviously	 ﾠ(Hwang	 ﾠet	 ﾠal.,	 ﾠ2013b).	 ﾠ	 ﾠBriefly,	 ﾠ
Annealing	 ﾠBuffer	 ﾠ(40	 ﾠmM	 ﾠTris	 ﾠpH	 ﾠ8.0,	 ﾠ2	 ﾠmM	 ﾠMgCl2,	 ﾠ50	 ﾠmM	 ﾠNaCl,	 ﾠ1	 ﾠmM	 ﾠEDTA	 ﾠpH	 ﾠ8.0)	 ﾠ
and	 ﾠwas	 ﾠadded	 ﾠto	 ﾠ100	 ﾠμM	 ﾠof	 ﾠeach	 ﾠoligonucleotide.	 ﾠ	 ﾠUsing	 ﾠa	 ﾠthermocycler	 ﾠthe	 ﾠsample	 ﾠ
was	 ﾠheated	 ﾠto	 ﾠ95	 ﾠ
oC	 ﾠand	 ﾠdecreased	 ﾠby	 ﾠ1°C	 ﾠevery	 ﾠ30	 ﾠseconds	 ﾠuntil	 ﾠthe	 ﾠsample	 ﾠ
reached	 ﾠ4°C.	 ﾠ	 ﾠ3	 ﾠμl	 ﾠof	 ﾠthe	 ﾠannealed	 ﾠoligonucleotide	 ﾠproduct	 ﾠwas	 ﾠadded	 ﾠto	 ﾠ1	 ﾠμl	 ﾠ
digested	 ﾠplasmid	 ﾠ(5	 ﾠng/μl)	 ﾠin	 ﾠa	 ﾠ10	 ﾠμl	 ﾠligation	 ﾠreaction.	 ﾠ	 ﾠCompetent	 ﾠcells	 ﾠwere	 ﾠ
transformed	 ﾠand	 ﾠbacteria	 ﾠgrown	 ﾠusing	 ﾠstandard	 ﾠcloning	 ﾠprocedures.	 ﾠ
	 ﾠ
golden	 ﾠForward	 ﾠOligonucleotide:	 ﾠ5’	 ﾠCAGATAGATCTTGGCAGAAAATATTCATCTCCATCG	 ﾠ
TGTGTGACGGACAGCAGCATGTAGTAT	 ﾠ3’	 ﾠ
golden	 ﾠReverse	 ﾠOligonucleotide:	 ﾠ5’	 ﾠTCGAGTCTATCTAGAACCGTCTTTTATAAGTAGAGG	 ﾠ
TAGCACACACTGCCTGTC	 ﾠGTCGTACATCATAGC	 ﾠ3’	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Injection	 ﾠand	 ﾠScreening	 ﾠfor	 ﾠInsertion	 ﾠ
9	 ﾠpg	 ﾠto	 ﾠ99	 ﾠpg	 ﾠof	 ﾠdonor	 ﾠplasmid	 ﾠwith	 ﾠor	 ﾠwithout	 ﾠmRNA	 ﾠencoding	 ﾠthe	 ﾠ
appropriate	 ﾠTALEN	 ﾠpairs	 ﾠwas	 ﾠinjected	 ﾠinto	 ﾠthe	 ﾠcell	 ﾠof	 ﾠ1-ﾭ‐cell	 ﾠstage	 ﾠzebrafish	 ﾠembryos	 ﾠ
as	 ﾠspecified	 ﾠin	 ﾠthe	 ﾠtext.	 ﾠ	 ﾠNumbers	 ﾠof	 ﾠdead,	 ﾠdeformed	 ﾠ(monsters)	 ﾠand	 ﾠmorphologically	 ﾠ
wild-ﾭ‐type	 ﾠembryos	 ﾠwere	 ﾠscored	 ﾠat	 ﾠ24	 ﾠhpf.	 ﾠ	 ﾠBetween	 ﾠ24	 ﾠand	 ﾠ72	 ﾠhpf,	 ﾠembryos	 ﾠwere	 ﾠ
screened	 ﾠand	 ﾠscored	 ﾠfor	 ﾠexpression	 ﾠof	 ﾠfluorescent	 ﾠproteins	 ﾠby	 ﾠobserving	 ﾠembryos	 ﾠ
using	 ﾠa	 ﾠLeica	 ﾠM205FA	 ﾠstereoscope.	 ﾠ	 ﾠEmbryos	 ﾠolder	 ﾠthan	 ﾠ48	 ﾠhpf	 ﾠwere	 ﾠanesthetized	 ﾠ
with	 ﾠ0.02%	 ﾠ3-ﾭ‐aminobenzoic	 ﾠacid	 ﾠethyl	 ﾠester	 ﾠ(MS222)	 ﾠin	 ﾠorder	 ﾠto	 ﾠrestrict	 ﾠtheir	 ﾠ
movement	 ﾠbefore	 ﾠscreening.	 ﾠ	 ﾠWhen	 ﾠnoted	 ﾠin	 ﾠthe	 ﾠtext,	 ﾠGFP	 ﾠexpression	 ﾠwas	 ﾠdetected	 ﾠ
by	 ﾠperforming	 ﾠIHC	 ﾠwith	 ﾠanti-ﾭ‐GFP,	 ﾠotherwise	 ﾠfluorescence	 ﾠwas	 ﾠdetected	 ﾠwithout	 ﾠ
adding	 ﾠantibodies.	 ﾠ	 ﾠAnalysis	 ﾠby	 ﾠPCR	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠprimers	 ﾠdescribed	 ﾠin	 ﾠTable	 ﾠ
2-ﾭ‐6	 ﾠand	 ﾠresolved	 ﾠon	 ﾠa	 ﾠ1.5%	 ﾠagarose	 ﾠgel.	 ﾠ
2.9  Chromatin	 ﾠImmunoprecipitation	 ﾠ
Chromatin	 ﾠimmunoprecipitation	 ﾠantibodies	 ﾠand	 ﾠreagents	 ﾠ
The	 ﾠantibodies	 ﾠused	 ﾠfor	 ﾠchromatin	 ﾠimmunoprecipitation	 ﾠ(ChIP)	 ﾠare	 ﾠlisted	 ﾠin	 ﾠ
Table	 ﾠ2-ﾭ‐7.	 ﾠ	 ﾠDetails	 ﾠof	 ﾠtheir	 ﾠuse	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠwithin	 ﾠthe	 ﾠmain	 ﾠtext.	 ﾠ	 ﾠThe	 ﾠrecipes	 ﾠfor	 ﾠthe	 ﾠ
various	 ﾠbuffers	 ﾠused	 ﾠthroughout	 ﾠthe	 ﾠChIP	 ﾠprocess	 ﾠare	 ﾠshown	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐8.	 ﾠ	 ﾠ1	 ﾠtablet	 ﾠof	 ﾠ
protease	 ﾠinhibitor	 ﾠcocktail	 ﾠtablets	 ﾠ(Roche)	 ﾠand	 ﾠ20	 ﾠμl	 ﾠprotease	 ﾠinhibitor	 ﾠcocktail	 ﾠ
(Sigma)	 ﾠwere	 ﾠadded	 ﾠto	 ﾠ10	 ﾠml	 ﾠof	 ﾠthe	 ﾠspecified	 ﾠbuffers	 ﾠshortly	 ﾠbefore	 ﾠtheir	 ﾠuse.	 ﾠ
	 ﾠ
Antigen	 ﾠ Species	 ﾠ Source	 ﾠ(Cat.	 ﾠNo.)	 ﾠ
Myc	 ﾠ	 ﾠ Goat	 ﾠ Abcam	 ﾠ(ab9132)	 ﾠ
Zebrafish	 ﾠPlzf	 ﾠ Rabbit	 ﾠ Wilkinson	 ﾠLab	 ﾠ
Mouse	 ﾠPlzf	 ﾠ Mouse	 ﾠIgG2a	 ﾠ Active	 ﾠMotif	 ﾠ(39988)	 ﾠ
Human	 ﾠPlzf	 ﾠ Mouse	 ﾠIgG2a	 ﾠ Calbiochem	 ﾠ(OP128)	 ﾠ
H2A.Z	 ﾠ Rabbit	 ﾠ Abcam	 ﾠ(ab4174)	 ﾠ
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 ﾠ
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 ﾠand	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 ﾠ
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 ﾠ
Reagent	 ﾠ Components	 ﾠ
	 ﾠCell	 ﾠLysis	 ﾠBuffer	 ﾠ*	 ﾠ 10	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.1),	 ﾠ10	 ﾠmM	 ﾠNaCl,	 ﾠ0.5%	 ﾠNP-ﾭ‐40	 ﾠ
Nuclear	 ﾠLysis	 ﾠ
Buffer	 ﾠ*	 ﾠ
50	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.1),	 ﾠ10	 ﾠmM	 ﾠEDTA,	 ﾠ1%	 ﾠSodium	 ﾠDodecyl	 ﾠ
Sulphate	 ﾠ(SDS)	 ﾠ
ChIP	 ﾠDilution	 ﾠ
Buffer	 ﾠ* †	 ﾠ
	 ﾠ
16.7	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.1),	 ﾠ167	 ﾠmM	 ﾠNaCl,	 ﾠ1.2	 ﾠmM	 ﾠEDTA,	 ﾠ0.01%	 ﾠ
SDS,	 ﾠ1.1%	 ﾠTriton	 ﾠ
Low	 ﾠSalt	 ﾠWash	 ﾠ
Buffer	 ﾠ†	 ﾠ
20	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.1),	 ﾠ150	 ﾠmM	 ﾠNaCl,	 ﾠ2	 ﾠmM	 ﾠEDTA,	 ﾠ0.1%	 ﾠSDS,	 ﾠ
1%	 ﾠTriton	 ﾠ
High	 ﾠSalt	 ﾠWash	 ﾠ
Buffer	 ﾠ†	 ﾠ
20	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.1),	 ﾠ500	 ﾠmM	 ﾠNaCl,	 ﾠ2	 ﾠmM	 ﾠEDTA,	 ﾠ0.1%	 ﾠSDS,	 ﾠ
1%	 ﾠTriton	 ﾠ
LiCl	 ﾠWash	 ﾠBuffer	 ﾠ†	 ﾠ 10	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.1),	 ﾠ0.25	 ﾠM	 ﾠLiCl,	 ﾠ1	 ﾠmM	 ﾠEDTA,	 ﾠ1%	 ﾠIGEPAL	 ﾠ
CA630,	 ﾠ1%	 ﾠdeoxycholic	 ﾠacid	 ﾠ(sodium	 ﾠsalt)	 ﾠ
TE	 ﾠ†	 ﾠ 10	 ﾠmM	 ﾠTris-ﾭ‐HCl	 ﾠ(pH	 ﾠ8.0),	 ﾠ1	 ﾠmM	 ﾠEDTA	 ﾠ
Elution	 ﾠBuffer	 ﾠ 50	 ﾠmM	 ﾠNaHCO3,	 ﾠ1%	 ﾠSDS	 ﾠ
Table	 ﾠ2-ﾭ‐8:	 ﾠList	 ﾠof	 ﾠreagents	 ﾠused	 ﾠfor	 ﾠChIP.	 ﾠ
	 ﾠBuffers	 ﾠmarked	 ﾠby	 ﾠan	 ﾠasterisk	 ﾠ(*)	 ﾠhad	 ﾠprotease	 ﾠinhibitors	 ﾠadded	 ﾠjust	 ﾠbefore	 ﾠuse.	 ﾠ	 ﾠ
Buffers	 ﾠmarked	 ﾠwith	 ﾠa	 ﾠdagger	 ﾠ(†)	 ﾠwere	 ﾠpurchased	 ﾠfrom	 ﾠMillipore.	 ﾠ	 ﾠAll	 ﾠbuffers	 ﾠwere	 ﾠ
kept	 ﾠat	 ﾠ4°C	 ﾠand	 ﾠfiltered	 ﾠbefore	 ﾠuse.	 ﾠ
	 ﾠ
ChIP	 ﾠProtocol	 ﾠ
The	 ﾠzebrafish	 ﾠChIP	 ﾠprotocol	 ﾠwas	 ﾠadapted	 ﾠfrom	 ﾠJunji	 ﾠLin’s	 ﾠprotocol	 ﾠfrom	 ﾠ
Richard	 ﾠDorsky’s	 ﾠLab	 ﾠ(University	 ﾠof	 ﾠUtah)	 ﾠfound	 ﾠon	 ﾠthe	 ﾠZFIN	 ﾠprotocols	 ﾠweb	 ﾠpage	 ﾠ
(https://wiki.zfin.org/display/prot/Chromatin+Immunoprecipitation+%28ChIP%29+P
rotocol+using+Dynabeads).	 ﾠ	 ﾠSignificant	 ﾠassistance	 ﾠin	 ﾠdeveloping	 ﾠthe	 ﾠprotocol	 ﾠwas	 ﾠ
provided	 ﾠfrom	 ﾠEmmanouil	 ﾠMetzakopian	 ﾠand	 ﾠBen	 ﾠMartynoga	 ﾠ(NIMR).	 ﾠ
	 ﾠ
Deyolking	 ﾠand	 ﾠcross-ﾭ‐linking	 ﾠ
	 ﾠ Zebrafish	 ﾠembryos	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠeither	 ﾠ12	 ﾠhpf	 ﾠor	 ﾠ24	 ﾠhpf	 ﾠas	 ﾠspecified	 ﾠin	 ﾠthe	 ﾠ
text.	 ﾠ	 ﾠ100	 ﾠembryos	 ﾠat	 ﾠa	 ﾠtime	 ﾠwere	 ﾠmanually	 ﾠdechorionated	 ﾠin	 ﾠwater	 ﾠusing	 ﾠforceps	 ﾠ
and	 ﾠtransferred	 ﾠto	 ﾠa	 ﾠNon-ﾭ‐stick	 ﾠRNase-ﾭ‐free	 ﾠ1.5	 ﾠml	 ﾠtube	 ﾠ(Ambion).	 ﾠ	 ﾠFor	 ﾠall	 ﾠfollowing	 ﾠ
stages	 ﾠthe	 ﾠtubes	 ﾠwere	 ﾠkept	 ﾠon	 ﾠice	 ﾠas	 ﾠmuch	 ﾠas	 ﾠpossible.	 ﾠ	 ﾠThe	 ﾠwater	 ﾠwas	 ﾠreplaced	 ﾠwith	 ﾠ
150	 ﾠμl	 ﾠice	 ﾠcold	 ﾠHanks	 ﾠBuffered	 ﾠSaline	 ﾠSolution	 ﾠ(Magnesium	 ﾠand	 ﾠCalcium	 ﾠfree;	 ﾠ
Invitrogen).	 ﾠ	 ﾠDeyolking	 ﾠwas	 ﾠperformed	 ﾠby	 ﾠmechanical	 ﾠstress	 ﾠcaused	 ﾠby	 ﾠpipetting	 ﾠ
embryos	 ﾠup	 ﾠand	 ﾠdown	 ﾠ5	 ﾠ–	 ﾠ8	 ﾠtimes	 ﾠusing	 ﾠa	 ﾠ200	 ﾠul	 ﾠtip.	 ﾠ	 ﾠDeyolked	 ﾠembryos	 ﾠwere	 ﾠpooled	 ﾠ
together	 ﾠand	 ﾠembryos	 ﾠwere	 ﾠpelleted	 ﾠby	 ﾠspinning	 ﾠat	 ﾠ300	 ﾠg	 ﾠfor	 ﾠ30	 ﾠseconds	 ﾠat	 ﾠ4°C.	 ﾠ	 ﾠThe	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ 71	 ﾠ 	 ﾠ
solution	 ﾠwas	 ﾠremoved	 ﾠand	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠwashed	 ﾠwith	 ﾠ1	 ﾠml	 ﾠHanks	 ﾠBuffered	 ﾠ
Saline	 ﾠSolution,	 ﾠspun	 ﾠagain,	 ﾠand	 ﾠreplaced	 ﾠwith	 ﾠ1	 ﾠml	 ﾠice	 ﾠcold	 ﾠPBS.	 ﾠ
	 ﾠ To	 ﾠcross-ﾭ‐link	 ﾠthe	 ﾠprotein	 ﾠand	 ﾠDNA,	 ﾠ27	 ﾠμl	 ﾠformaldehyde	 ﾠ(37%	 ﾠstock;	 ﾠSigma)	 ﾠ
was	 ﾠadded	 ﾠdrop	 ﾠwise	 ﾠto	 ﾠthe	 ﾠPBS,	 ﾠmaking	 ﾠa	 ﾠfinal	 ﾠconcentration	 ﾠof	 ﾠ1%.	 ﾠ	 ﾠTubes	 ﾠwere	 ﾠ
rotated	 ﾠfor	 ﾠ15	 ﾠminutes	 ﾠat	 ﾠroom	 ﾠtemperature.	 ﾠ	 ﾠ50	 ﾠμl	 ﾠ2.5	 ﾠM	 ﾠglycine	 ﾠwas	 ﾠadded	 ﾠin	 ﾠorder	 ﾠ
to	 ﾠquench	 ﾠthe	 ﾠformaldehyde	 ﾠand	 ﾠthe	 ﾠtubes	 ﾠwere	 ﾠrotated	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠ5	 ﾠminutes	 ﾠat	 ﾠ
room	 ﾠtemperature.	 ﾠ	 ﾠThe	 ﾠembryos	 ﾠwere	 ﾠpelleted	 ﾠby	 ﾠspinning	 ﾠat	 ﾠ300	 ﾠg	 ﾠfor	 ﾠ30	 ﾠseconds	 ﾠ
at	 ﾠ4°C	 ﾠand	 ﾠwashed	 ﾠtwice	 ﾠusing	 ﾠ1	 ﾠml	 ﾠice	 ﾠcold	 ﾠPBS.	 ﾠ
	 ﾠ
Embryo	 ﾠlysis	 ﾠand	 ﾠchromatin	 ﾠextraction	 ﾠ
	 ﾠ The	 ﾠpellet	 ﾠwas	 ﾠresuspended	 ﾠin	 ﾠ1	 ﾠml	 ﾠCell	 ﾠLysis	 ﾠBuffer	 ﾠ(for	 ﾠ300	 ﾠembryos).	 ﾠ	 ﾠThe	 ﾠ
tubes	 ﾠwere	 ﾠleft	 ﾠon	 ﾠice	 ﾠfor	 ﾠ20	 ﾠminutes,	 ﾠpipetting	 ﾠup	 ﾠand	 ﾠdown	 ﾠevery	 ﾠ5	 ﾠminutes	 ﾠuntil	 ﾠ
no	 ﾠclear	 ﾠtissue	 ﾠwas	 ﾠvisible.	 ﾠ	 ﾠTubes	 ﾠwere	 ﾠspun	 ﾠat	 ﾠ1200	 ﾠg	 ﾠfor	 ﾠ5	 ﾠmintues	 ﾠat	 ﾠ4°C,	 ﾠwashed	 ﾠ
with	 ﾠ1	 ﾠml	 ﾠCell	 ﾠLysis	 ﾠBuffer	 ﾠand	 ﾠspun	 ﾠagain.	 ﾠ	 ﾠThe	 ﾠwhite	 ﾠnuclear	 ﾠpellet	 ﾠwas	 ﾠresuspended	 ﾠ
with	 ﾠ250	 ﾠμl	 ﾠNuclear	 ﾠLysis	 ﾠBuffer	 ﾠ(per	 ﾠ100	 ﾠembryos).	 ﾠ	 ﾠTube	 ﾠwere	 ﾠleft	 ﾠlaying	 ﾠon	 ﾠice	 ﾠfor	 ﾠ
20	 ﾠminutes	 ﾠbefore	 ﾠbeing	 ﾠflash	 ﾠfrozen	 ﾠin	 ﾠliquid	 ﾠnitrogen	 ﾠand	 ﾠstored	 ﾠat	 ﾠ-ﾭ‐80°C.	 ﾠ	 ﾠ
Chromatin	 ﾠwas	 ﾠstored	 ﾠlike	 ﾠthis	 ﾠfor	 ﾠup	 ﾠto	 ﾠa	 ﾠmonth.	 ﾠ
	 ﾠ	 ﾠ
Sonication	 ﾠ
	 ﾠ Samples	 ﾠwere	 ﾠthawed	 ﾠon	 ﾠice	 ﾠand	 ﾠsplit	 ﾠinto	 ﾠ1.5	 ﾠml	 ﾠtubes,	 ﾠso	 ﾠthat	 ﾠeach	 ﾠcontains	 ﾠ
250	 ﾠμl	 ﾠchromatin.	 ﾠ	 ﾠFor	 ﾠfragments	 ﾠbetween	 ﾠ0	 ﾠ–	 ﾠ400	 ﾠbase	 ﾠpairs	 ﾠ(bp),	 ﾠsamples	 ﾠwere	 ﾠ
sonicated	 ﾠusing	 ﾠa	 ﾠDiagenode	 ﾠBioruptor	 ﾠfor	 ﾠa	 ﾠtotal	 ﾠof	 ﾠ40	 ﾠmintues	 ﾠon	 ﾠhigh	 ﾠsetting	 ﾠusing	 ﾠ
30	 ﾠsecond	 ﾠintervals.	 ﾠ	 ﾠTo	 ﾠavoid	 ﾠpotential	 ﾠdenaturing	 ﾠof	 ﾠthe	 ﾠprotein,	 ﾠevery	 ﾠ15	 ﾠminutes	 ﾠ
the	 ﾠtubes	 ﾠwere	 ﾠremoved	 ﾠfrom	 ﾠthe	 ﾠBioruptor	 ﾠand	 ﾠleft	 ﾠlying	 ﾠon	 ﾠice	 ﾠfor	 ﾠ10	 ﾠminutes	 ﾠand	 ﾠ
the	 ﾠwater	 ﾠwithin	 ﾠthe	 ﾠBioruptor	 ﾠwas	 ﾠreplaced	 ﾠwith	 ﾠice-ﾭ‐cold	 ﾠwater.	 ﾠ	 ﾠFor	 ﾠfragments	 ﾠ
between	 ﾠ0	 ﾠ–	 ﾠ1000	 ﾠbase	 ﾠpairs	 ﾠ(bp),	 ﾠtotal	 ﾠsonication	 ﾠtime	 ﾠwas	 ﾠ10	 ﾠminutes.	 ﾠ	 ﾠDebris	 ﾠwas	 ﾠ
removed	 ﾠby	 ﾠcentrifugation	 ﾠat	 ﾠ13	 ﾠ000	 ﾠg	 ﾠfor	 ﾠ10	 ﾠminutes	 ﾠat	 ﾠ4°C	 ﾠand	 ﾠthe	 ﾠsupernatant	 ﾠ
was	 ﾠcollected	 ﾠfrom	 ﾠeach	 ﾠtube	 ﾠand	 ﾠpooled	 ﾠtogether.	 ﾠ	 ﾠA	 ﾠ50	 ﾠμl	 ﾠsample	 ﾠwas	 ﾠtaken	 ﾠfor	 ﾠ
reverse	 ﾠcrosslinking	 ﾠ(described	 ﾠbelow)	 ﾠto	 ﾠcheck	 ﾠsonication	 ﾠconditions.	 ﾠ	 ﾠ1%	 ﾠof	 ﾠthe	 ﾠ
total	 ﾠsonicated	 ﾠchromatin	 ﾠwas	 ﾠput	 ﾠaside	 ﾠto	 ﾠbe	 ﾠused	 ﾠas	 ﾠan	 ﾠinput.	 ﾠ	 ﾠThis	 ﾠsample	 ﾠwas	 ﾠ
stored	 ﾠat	 ﾠ4°C	 ﾠuntil	 ﾠthe	 ﾠChIP	 ﾠsample	 ﾠwas	 ﾠready	 ﾠto	 ﾠbe	 ﾠreverse	 ﾠcross-ﾭ‐linked.	 ﾠ
	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
	 ﾠ 72	 ﾠ 	 ﾠ
Immunoprecipitation	 ﾠ
	 ﾠ Between	 ﾠ10	 ﾠ–	 ﾠ30	 ﾠμg	 ﾠchromatin	 ﾠwas	 ﾠused	 ﾠper	 ﾠChIP	 ﾠas	 ﾠspecified	 ﾠin	 ﾠthe	 ﾠtext.	 ﾠ	 ﾠ50	 ﾠ
μl	 ﾠProtein	 ﾠG	 ﾠDynabeads	 ﾠ(Invitrogen)	 ﾠper	 ﾠIP	 ﾠwere	 ﾠequilibrated	 ﾠby	 ﾠwashing	 ﾠ3	 ﾠx	 ﾠwith	 ﾠ1	 ﾠ
ml	 ﾠChIP	 ﾠDilution	 ﾠBuffer	 ﾠand	 ﾠsubsequently	 ﾠwere	 ﾠresuspended	 ﾠin	 ﾠtheir	 ﾠoriginal	 ﾠvolume.	 ﾠ	 ﾠ
In	 ﾠall	 ﾠcases	 ﾠthe	 ﾠbeads	 ﾠand	 ﾠsupernatant	 ﾠwere	 ﾠseparated	 ﾠby	 ﾠa	 ﾠbrief	 ﾠpulse	 ﾠcentrifugation	 ﾠ
followed	 ﾠby	 ﾠplacing	 ﾠthe	 ﾠtubes	 ﾠon	 ﾠa	 ﾠmagnetic	 ﾠseparation	 ﾠstand	 ﾠ(Promega).	 ﾠ	 ﾠThe	 ﾠ
equilibrated	 ﾠbeads	 ﾠwere	 ﾠadded	 ﾠto	 ﾠthe	 ﾠchromatin	 ﾠsample	 ﾠand	 ﾠthe	 ﾠvolume	 ﾠwas	 ﾠmade	 ﾠ
up	 ﾠto	 ﾠ1	 ﾠml	 ﾠwith	 ﾠChIP	 ﾠDilution	 ﾠBuffer.	 ﾠ	 ﾠThe	 ﾠtubes	 ﾠwere	 ﾠrotated	 ﾠfor	 ﾠ2	 ﾠhours	 ﾠat	 ﾠ4°C.	 ﾠ	 ﾠThe	 ﾠ
supernatant	 ﾠwas	 ﾠseparated	 ﾠand	 ﾠplaced	 ﾠin	 ﾠa	 ﾠnew	 ﾠ1.5	 ﾠml	 ﾠtube	 ﾠto	 ﾠwhich	 ﾠthe	 ﾠspecified	 ﾠ
amount	 ﾠof	 ﾠantibody	 ﾠwas	 ﾠadded	 ﾠand	 ﾠthe	 ﾠsamples	 ﾠwere	 ﾠrotated	 ﾠovernight	 ﾠat	 ﾠ4°C.	 ﾠ	 ﾠ
Control	 ﾠsamples	 ﾠwere	 ﾠrotated	 ﾠwithout	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠany	 ﾠantibody.	 ﾠ	 ﾠA	 ﾠseparate	 ﾠ
aliquot	 ﾠof	 ﾠProtein	 ﾠG	 ﾠDynabeads	 ﾠ(50	 ﾠμl	 ﾠ/	 ﾠChIP)	 ﾠwere	 ﾠblocked	 ﾠby	 ﾠrotating	 ﾠthe	 ﾠbeads	 ﾠ
overnight	 ﾠat	 ﾠ4°C	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ1	 ﾠmg/ml	 ﾠbovine	 ﾠserum	 ﾠalbumin	 ﾠin	 ﾠChIP	 ﾠDilution	 ﾠ
Buffer.	 ﾠ
	 ﾠ The	 ﾠnext	 ﾠday	 ﾠthe	 ﾠblocked	 ﾠbeads	 ﾠwere	 ﾠwashed	 ﾠtwice	 ﾠwith	 ﾠ1	 ﾠml	 ﾠChIP	 ﾠDilution	 ﾠ
Buffer	 ﾠand	 ﾠresuspended	 ﾠin	 ﾠtheir	 ﾠoriginal	 ﾠvolume.	 ﾠ	 ﾠ50	 ﾠμl	 ﾠof	 ﾠthese	 ﾠblocked	 ﾠbeads	 ﾠwere	 ﾠ
added	 ﾠto	 ﾠeach	 ﾠchromatin	 ﾠsample	 ﾠand	 ﾠthe	 ﾠtubes	 ﾠwere	 ﾠrotated	 ﾠfor	 ﾠ1	 ﾠhour	 ﾠat	 ﾠ4°C	 ﾠto	 ﾠ
allow	 ﾠthe	 ﾠantibody	 ﾠ–	 ﾠchromatin	 ﾠmixture	 ﾠto	 ﾠbind	 ﾠto	 ﾠthe	 ﾠbeads.	 ﾠ	 ﾠTo	 ﾠremove	 ﾠnon-ﾭ‐
specific	 ﾠbinding,	 ﾠthe	 ﾠsamples	 ﾠwere	 ﾠwashed	 ﾠin	 ﾠdifferent	 ﾠbuffers	 ﾠby	 ﾠrotating	 ﾠat	 ﾠroom	 ﾠ
temperature	 ﾠfor	 ﾠ5	 ﾠminutes,	 ﾠremoving	 ﾠthe	 ﾠsupernatant	 ﾠafter	 ﾠeach	 ﾠwash.	 ﾠ	 ﾠThe	 ﾠorder	 ﾠof	 ﾠ
the	 ﾠwashes	 ﾠwas	 ﾠ1	 ﾠx	 ﾠLow	 ﾠSalt	 ﾠWash	 ﾠBuffer,	 ﾠ1	 ﾠx	 ﾠHigh	 ﾠSalt	 ﾠWash	 ﾠBuffer,	 ﾠ1	 ﾠx	 ﾠLiCl	 ﾠWash	 ﾠ
Buffer,	 ﾠ2	 ﾠx	 ﾠTE.	 ﾠ
	 ﾠ To	 ﾠextract	 ﾠthe	 ﾠDNA	 ﾠfrom	 ﾠthe	 ﾠbeads,	 ﾠ250	 ﾠμl	 ﾠfreshly	 ﾠmade	 ﾠElution	 ﾠBuffer	 ﾠwas	 ﾠ
added	 ﾠto	 ﾠthe	 ﾠbeads	 ﾠand	 ﾠsamples	 ﾠincubated	 ﾠat	 ﾠ65°C	 ﾠfor	 ﾠ10	 ﾠminutes,	 ﾠvortexing	 ﾠthe	 ﾠ
samples	 ﾠevery	 ﾠ10	 ﾠminutes.	 ﾠ	 ﾠThe	 ﾠsupernatant	 ﾠwas	 ﾠtransferred	 ﾠto	 ﾠa	 ﾠnew	 ﾠ1.5	 ﾠml	 ﾠtube	 ﾠ
and	 ﾠthe	 ﾠelution	 ﾠprocess	 ﾠwas	 ﾠrepeated,	 ﾠgenerating	 ﾠa	 ﾠfinal	 ﾠ500	 ﾠμl	 ﾠeluate.	 ﾠ
	 ﾠ For	 ﾠexperiments	 ﾠwhere	 ﾠthe	 ﾠprotein	 ﾠwas	 ﾠrequired	 ﾠfrom	 ﾠthe	 ﾠChIP	 ﾠexperiment,	 ﾠ
NuPAGE	 ﾠLDS	 ﾠsample	 ﾠbuffer	 ﾠ(Invitrogen)	 ﾠwith	 ﾠReducing	 ﾠAgent	 ﾠwas	 ﾠdiluted	 ﾠ2x	 ﾠwith	 ﾠ
water	 ﾠand	 ﾠ20	 ﾠμl	 ﾠwas	 ﾠadded	 ﾠto	 ﾠthe	 ﾠbeads.	 ﾠ	 ﾠSamples	 ﾠwere	 ﾠincubated	 ﾠat	 ﾠ95°C	 ﾠfor	 ﾠ10	 ﾠ
minutes	 ﾠand	 ﾠthe	 ﾠsupernatant	 ﾠwas	 ﾠtransferred	 ﾠto	 ﾠa	 ﾠnew	 ﾠ1.5	 ﾠml	 ﾠtube.	 ﾠ	 ﾠProtein	 ﾠsamples	 ﾠ
were	 ﾠbriefly	 ﾠincubated	 ﾠon	 ﾠice	 ﾠand	 ﾠthen	 ﾠfrozen	 ﾠat	 ﾠ-ﾭ‐80°C	 ﾠbefore	 ﾠbeing	 ﾠanalysed	 ﾠon	 ﾠa	 ﾠ
Western	 ﾠBlot	 ﾠas	 ﾠdescribed	 ﾠbelow.	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Reverse	 ﾠcross-ﾭ‐link	 ﾠand	 ﾠDNA	 ﾠPurification	 ﾠ
	 ﾠ Both	 ﾠthe	 ﾠ1%	 ﾠinput	 ﾠand	 ﾠthe	 ﾠChIP	 ﾠsamples	 ﾠwere	 ﾠmade	 ﾠup	 ﾠto	 ﾠ500	 ﾠμl	 ﾠusing	 ﾠPBS.	 ﾠ	 ﾠ
To	 ﾠall	 ﾠsamples,	 ﾠ10	 ﾠμl	 ﾠRNase	 ﾠA	 ﾠwas	 ﾠadded	 ﾠto	 ﾠa	 ﾠfinal	 ﾠconcentration	 ﾠof	 ﾠ0.2	 ﾠμg/μl.	 ﾠ	 ﾠThe	 ﾠ
samples	 ﾠwere	 ﾠincubated	 ﾠat	 ﾠ37°C	 ﾠfor	 ﾠ1	 ﾠhour.	 ﾠ	 ﾠ5	 ﾠμl	 ﾠof	 ﾠProteinase	 ﾠK	 ﾠ(10	 ﾠmg/ml)	 ﾠand	 ﾠ11	 ﾠ
μl	 ﾠof	 ﾠ5	 ﾠM	 ﾠNaCl	 ﾠwere	 ﾠadded	 ﾠto	 ﾠthe	 ﾠsamples	 ﾠand	 ﾠincubated	 ﾠat	 ﾠ42°C	 ﾠfor	 ﾠ2	 ﾠhours.	 ﾠ	 ﾠFinally,	 ﾠ
all	 ﾠsamples	 ﾠwere	 ﾠincubated	 ﾠat	 ﾠ65°C	 ﾠovernight.	 ﾠ
	 ﾠ DNA	 ﾠwas	 ﾠextracted	 ﾠwith	 ﾠ500	 ﾠμl	 ﾠphenol/chloroform	 ﾠby	 ﾠvortexing	 ﾠfor	 ﾠ30	 ﾠ
seconds	 ﾠfollowed	 ﾠby	 ﾠcentrifuging	 ﾠat	 ﾠfull	 ﾠspeed	 ﾠfor	 ﾠ3	 ﾠminutes.	 ﾠ	 ﾠThe	 ﾠaqueous	 ﾠphase	 ﾠ
was	 ﾠretained	 ﾠand	 ﾠthe	 ﾠsample	 ﾠextraction	 ﾠprocedure	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠ500	 ﾠμl	 ﾠ
chloroform.	 ﾠ	 ﾠThe	 ﾠaqueous	 ﾠphase	 ﾠwas	 ﾠtransferred	 ﾠto	 ﾠa	 ﾠnew	 ﾠ1.5	 ﾠml	 ﾠtube	 ﾠand	 ﾠ1	 ﾠμl	 ﾠ
glycogen,	 ﾠ50	 ﾠμl	 ﾠ3	 ﾠM	 ﾠNaAc	 ﾠpH	 ﾠ5.2	 ﾠand	 ﾠ900	 ﾠμl	 ﾠisopropanol	 ﾠwas	 ﾠadded	 ﾠto	 ﾠthe	 ﾠsamples.	 ﾠ	 ﾠ
Samples	 ﾠwere	 ﾠincubated	 ﾠat	 ﾠ-ﾭ‐20°C	 ﾠfor	 ﾠ30	 ﾠminutes	 ﾠfollowed	 ﾠby	 ﾠcentrifugation	 ﾠat	 ﾠfull	 ﾠ
speed	 ﾠfor	 ﾠ30	 ﾠminutes	 ﾠat	 ﾠ4°C.	 ﾠ	 ﾠThe	 ﾠresulting	 ﾠpellet	 ﾠwas	 ﾠwashed	 ﾠwith	 ﾠ75%	 ﾠethanol	 ﾠand	 ﾠ
left	 ﾠto	 ﾠair	 ﾠdry.	 ﾠ	 ﾠSamples	 ﾠwere	 ﾠresuspended	 ﾠin	 ﾠ35	 ﾠμl	 ﾠwater	 ﾠand	 ﾠkept	 ﾠat	 ﾠ-ﾭ‐20°C	 ﾠuntil	 ﾠ
required.	 ﾠ
Quantitative	 ﾠPCR	 ﾠ(qPCR)	 ﾠ
ChIP-ﾭ‐qPCRs	 ﾠwere	 ﾠassembled	 ﾠusing	 ﾠPlatinum	 ﾠSYBR	 ﾠGreen	 ﾠSuper	 ﾠmix	 ﾠ
(Invitrogen).	 ﾠ	 ﾠReactions	 ﾠwere	 ﾠperformed	 ﾠin	 ﾠtriplicates	 ﾠon	 ﾠan	 ﾠApplied	 ﾠBiosystems	 ﾠ
7900HT	 ﾠFast	 ﾠReal-ﾭ‐Time	 ﾠPCR	 ﾠSystem	 ﾠaccording	 ﾠto	 ﾠmanufacturers	 ﾠinstructions.	 ﾠ	 ﾠ
Enrichment	 ﾠwas	 ﾠcalculated	 ﾠby	 ﾠusing	 ﾠthe	 ﾠ2
-ﾭ‐∆∆Ct	 ﾠmethod	 ﾠcomparing	 ﾠCt	 ﾠvalues	 ﾠfor	 ﾠ
genomic	 ﾠregions	 ﾠobtained	 ﾠby	 ﾠChIP	 ﾠusing	 ﾠthe	 ﾠspecific	 ﾠantibody	 ﾠand	 ﾠChIP	 ﾠusing	 ﾠno	 ﾠ
antibody.	 ﾠ	 ﾠPrimers	 ﾠwere	 ﾠdesigned	 ﾠusing	 ﾠPrimer3	 ﾠsoftware	 ﾠand	 ﾠtested	 ﾠusing	 ﾠmultiple	 ﾠ
dilutions	 ﾠof	 ﾠinput	 ﾠgenomic	 ﾠDNA	 ﾠand	 ﾠa	 ﾠdissociation	 ﾠcurve	 ﾠwas	 ﾠused	 ﾠto	 ﾠmake	 ﾠsure	 ﾠa	 ﾠ
single	 ﾠproduct	 ﾠwas	 ﾠgenerated.	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Name	 ﾠ Sequence	 ﾠ
copb1	 ﾠTSS	 ﾠFwd	 ﾠ GCTAACTCGAGCCCTGAATC	 ﾠ*	 ﾠ
copb1	 ﾠTSS	 ﾠRv	 ﾠ ACTGATTGCGTGAACAGTCG	 ﾠ*	 ﾠ
copb1	 ﾠExon	 ﾠFwd	 ﾠ TCAGACAGATGTGGGCTGAG	 ﾠ*	 ﾠ
copb1	 ﾠExon	 ﾠRv	 ﾠ TCCAGACATTCCCGCTAAAC	 ﾠ*	 ﾠ
hsf2	 ﾠTSS	 ﾠFwd	 ﾠ TGGTGCGTGTGTTTTGTCTAC	 ﾠ*	 ﾠ
hsf2	 ﾠTSS	 ﾠRv	 ﾠ CGAGCTGTGTTTCATTTTGC	 ﾠ*	 ﾠ
hsf2	 ﾠUTR	 ﾠFwd	 ﾠ CAGACCTGCTGGATGAGTCC	 ﾠ*	 ﾠ
hsf2	 ﾠUTR	 ﾠRv	 ﾠ GATAGAAGAGCGTGGCTTCG	 ﾠ*	 ﾠ
klhl20	 ﾠTSS	 ﾠFwd	 ﾠ AGTCCTCACGTCACACATGG	 ﾠ*	 ﾠ
klhl20	 ﾠTSS	 ﾠRv	 ﾠ ACACTGGCGAAAGGAGTGTC	 ﾠ*	 ﾠ
klhl20	 ﾠUTR	 ﾠFwd	 ﾠ AATGCATCAACGAGTCAGTCC	 ﾠ*	 ﾠ
klhl20	 ﾠUTR	 ﾠRv	 ﾠ ACCTCGGGTATCAAACTTGC	 ﾠ*	 ﾠ
crabp1	 ﾠFwd	 ﾠ ATTTCCCGTTTTTGCTGTCA	 ﾠ
crabp1	 ﾠRv	 ﾠ AGCAGTAAGTCTAGCTCCAGCA	 ﾠ
ccna2	 ﾠFwd	 ﾠ AAGTAGCCCGCGACTATTGA	 ﾠ
ccna2	 ﾠRv	 ﾠ ACTCTCAACGGCTCGCTTT	 ﾠ
hoxd11	 ﾠFwd	 ﾠ CAAAGAGAACCGCAAAAACG	 ﾠ
hoxd11	 ﾠRv	 ﾠ TTGACTATCTTAAAATGTCGAATCAAA	 ﾠ
deltaA	 ﾠExon	 ﾠFwd	 ﾠ TGTCTGAATGGAGCCACTTG	 ﾠ
deltaA	 ﾠExon	 ﾠRv	 ﾠ GCATTCGTTGACCTCGATCT	 ﾠ
ephrinA1	 ﾠExon	 ﾠFwd	 ﾠ GTGCTCTACATGGTGGAACG	 ﾠ
ephrinA1	 ﾠExon	 ﾠRv	 ﾠ AAAACTTTTCGGGAGCATGA	 ﾠ
elavl3	 ﾠExon	 ﾠFwd	 ﾠ CGTGAGGTGATGATCCTTCC	 ﾠ
elavl3	 ﾠExon	 ﾠRv	 ﾠ CGATGCCAACCTGTATGTGA	 ﾠ
Table	 ﾠ2-ﾭ‐9:	 ﾠList	 ﾠof	 ﾠprimers	 ﾠused	 ﾠfor	 ﾠChIP-ﾭ‐qPCR.	 ﾠ
Primers	 ﾠmarked	 ﾠwith	 ﾠan	 ﾠasterisk	 ﾠ(*)	 ﾠwere	 ﾠprovided	 ﾠby	 ﾠGeorge	 ﾠGentsch	 ﾠ
(NIMR).	 ﾠTSS	 ﾠ=	 ﾠTranscription	 ﾠStart	 ﾠSite,	 ﾠUTR	 ﾠ=	 ﾠUntranslated	 ﾠRegion	 ﾠ
	 ﾠ
2.10 Western	 ﾠBlots	 ﾠ
Embryos	 ﾠwere	 ﾠdeyolked	 ﾠas	 ﾠdescribed	 ﾠabove	 ﾠand	 ﾠlysed	 ﾠin	 ﾠ30	 ﾠμl	 ﾠof	 ﾠCell	 ﾠLysis	 ﾠ
Buffer	 ﾠ(with	 ﾠprotease	 ﾠinhibitors)	 ﾠfor	 ﾠ20	 ﾠminutes	 ﾠon	 ﾠice.	 ﾠ	 ﾠDebris	 ﾠwas	 ﾠremoved	 ﾠby	 ﾠ
spinning	 ﾠat	 ﾠfull	 ﾠspeed	 ﾠfor	 ﾠ10	 ﾠminutes	 ﾠat	 ﾠ4°C	 ﾠand	 ﾠthe	 ﾠsupernatant	 ﾠcollected.	 ﾠ	 ﾠProtein	 ﾠ
concentration	 ﾠin	 ﾠthe	 ﾠcell	 ﾠlysates	 ﾠwas	 ﾠmeasured	 ﾠusing	 ﾠthe	 ﾠPierce	 ﾠBCA	 ﾠProtein	 ﾠAssay	 ﾠKit	 ﾠ
(Thermo	 ﾠFisher	 ﾠScientific),	 ﾠaccording	 ﾠto	 ﾠmanufacturer’s	 ﾠinstructions.	 ﾠ	 ﾠ1x	 ﾠNuPAGE	 ﾠLDS	 ﾠ
Sample	 ﾠBuffer	 ﾠ(Invitrogen)	 ﾠwas	 ﾠadded	 ﾠalong	 ﾠwith	 ﾠreducing	 ﾠagent	 ﾠto	 ﾠthe	 ﾠsamples	 ﾠ
before	 ﾠdenaturing	 ﾠat	 ﾠ95°C	 ﾠfor	 ﾠ10	 ﾠminutes.	 ﾠ	 ﾠPolyacrylamide	 ﾠgel	 ﾠelectrophoresis	 ﾠof	 ﾠ
proteins	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠby	 ﾠloading	 ﾠ>	 ﾠ30	 ﾠμg	 ﾠof	 ﾠprotein	 ﾠonto	 ﾠa	 ﾠNuPAGE	 ﾠ10%	 ﾠBis-ﾭ‐Tris	 ﾠ
gel	 ﾠ(Invitrogen)	 ﾠwith	 ﾠ5	 ﾠµl	 ﾠNovex	 ﾠSharp	 ﾠPre-ﾭ‐stained	 ﾠprotein	 ﾠstandard,	 ﾠand	 ﾠrun	 ﾠin	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
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Novex	 ﾠMini-ﾭ‐Cell	 ﾠtanks	 ﾠ(Invitrogen)	 ﾠin	 ﾠNuPAGE	 ﾠMOPS	 ﾠSDS	 ﾠRunning	 ﾠBuffer	 ﾠ(Invitrogen)	 ﾠ
for	 ﾠ45	 ﾠmin	 ﾠat	 ﾠ200V.	 ﾠ	 ﾠThe	 ﾠentire	 ﾠ20	 ﾠµl	 ﾠChIP	 ﾠprotein	 ﾠsamples	 ﾠwere	 ﾠloaded	 ﾠonto	 ﾠthe	 ﾠgel	 ﾠ
when	 ﾠspecified.	 ﾠ
Transfer	 ﾠof	 ﾠproteins	 ﾠfrom	 ﾠgels	 ﾠon	 ﾠImmobilon-ﾭ‐FL	 ﾠmembranes	 ﾠ(Milipore)	 ﾠwas	 ﾠ
performed	 ﾠusing	 ﾠXCell	 ﾠII	 ﾠBlot	 ﾠmodule	 ﾠ(Invitrogen)	 ﾠunder	 ﾠmanufacturers	 ﾠinstructions.	 ﾠ	 ﾠ
Membranes	 ﾠwere	 ﾠblocked	 ﾠin	 ﾠblocking	 ﾠsolution	 ﾠ(50%	 ﾠOdyssey	 ﾠBlocking	 ﾠBuffer	 ﾠ(LI-ﾭ‐COR	 ﾠ
Biosciences),	 ﾠ50%	 ﾠPBS)	 ﾠfor	 ﾠ1	 ﾠhour	 ﾠat	 ﾠroom	 ﾠtemperature	 ﾠand	 ﾠstained	 ﾠwith	 ﾠthe	 ﾠ
appropriate	 ﾠprimary	 ﾠantibodies	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠTable	 ﾠ2-ﾭ‐10,	 ﾠdiluted	 ﾠin	 ﾠblocking	 ﾠ
solution	 ﾠfor	 ﾠ1	 ﾠhour	 ﾠat	 ﾠroom	 ﾠtemperature.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠfollowed	 ﾠby	 ﾠstaining	 ﾠwith	 ﾠ
secondary	 ﾠantibodies	 ﾠconjugated	 ﾠto	 ﾠinfrared	 ﾠfluorescent	 ﾠdyes	 ﾠIR700	 ﾠand	 ﾠIR800	 ﾠ
(Rockland)	 ﾠdiluted	 ﾠ1:5000	 ﾠin	 ﾠblocking	 ﾠsolution	 ﾠcontaining	 ﾠ0.1%	 ﾠTween	 ﾠand	 ﾠ0.01%	 ﾠ
SDS.	 ﾠ	 ﾠAfter	 ﾠstaining,	 ﾠthe	 ﾠmembranes	 ﾠwere	 ﾠscanned	 ﾠusing	 ﾠ700	 ﾠand	 ﾠ800	 ﾠnm	 ﾠchannels	 ﾠ
on	 ﾠan	 ﾠimager	 ﾠ(Odyssey).	 ﾠ
	 ﾠ
Antigen	 ﾠ Species	 ﾠ Dilution	 ﾠ Source	 ﾠ(Cat.	 ﾠNo.)	 ﾠ
Myc	 ﾠ(9E10)	 ﾠ Mouse	 ﾠIgG1	 ﾠ 1:1000	 ﾠ Santa	 ﾠCruz	 ﾠ(sc-ﾭ‐40)	 ﾠ
α-ﾭ‐Tubulin	 ﾠ Mouse	 ﾠIgG1	 ﾠ 1:1000	 ﾠ Sigma	 ﾠ(T9026)	 ﾠ
	 ﾠ γ-ﾭ‐Tubulin	 ﾠ Rabbit	 ﾠIgG	 ﾠ 1:1000	 ﾠ Sigma	 ﾠ(T3559)	 ﾠ
Zebrafish	 ﾠPlzf	 ﾠ Rabbit	 ﾠIgG	 ﾠ
(polyclonal)	 ﾠ
1:400	 ﾠ Wilkinson	 ﾠLab	 ﾠ
HDAC1	 ﾠ Rabbit	 ﾠIgG	 ﾠ
(polyclonal)	 ﾠ
1:3200	 ﾠ Abcam	 ﾠ(ab7028)	 ﾠ
Table	 ﾠ2-ﾭ‐10:	 ﾠList	 ﾠof	 ﾠantibodies	 ﾠused	 ﾠfor	 ﾠWestern	 ﾠBlots.	 ﾠ
	 ﾠ
2.11 High	 ﾠThroughput	 ﾠSequencing	 ﾠ
DNA	 ﾠfrom	 ﾠthe	 ﾠChIP	 ﾠ(experimental)	 ﾠand	 ﾠinput	 ﾠ(control)	 ﾠDNA	 ﾠsamples	 ﾠwere	 ﾠ
quantified	 ﾠusing	 ﾠthe	 ﾠQubit	 ﾠFluorometer	 ﾠ(Invitrogen).	 ﾠ	 ﾠ10	 ﾠng	 ﾠof	 ﾠboth	 ﾠsamples	 ﾠwere	 ﾠ
used	 ﾠto	 ﾠgenerate	 ﾠsequencing	 ﾠlibraries	 ﾠfollowing	 ﾠthe	 ﾠmanufacturer’s	 ﾠprotocol	 ﾠ
(Illumina).	 ﾠ	 ﾠQuality	 ﾠcontrol,	 ﾠlibrary	 ﾠpreparation	 ﾠand	 ﾠrunning	 ﾠthe	 ﾠsamples	 ﾠon	 ﾠa	 ﾠHiSeq	 ﾠ
2000	 ﾠ(Illumina)	 ﾠwas	 ﾠperformed	 ﾠthe	 ﾠNIMR	 ﾠHigh	 ﾠThroughput	 ﾠSequencing	 ﾠdepartment.	 ﾠ	 ﾠ
40	 ﾠbp	 ﾠreads	 ﾠwere	 ﾠobtained.	 ﾠ
Data	 ﾠanalysis	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠthe	 ﾠpublically	 ﾠavailable	 ﾠGalaxy	 ﾠserver	 ﾠ
(https://usegalaxy.org/)	 ﾠ(Goecks	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠBlankenberg	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠGiardine	 ﾠet	 ﾠ
al.,	 ﾠ2005).	 ﾠ	 ﾠThe	 ﾠraw	 ﾠreads	 ﾠfor	 ﾠthe	 ﾠChIP	 ﾠand	 ﾠinput	 ﾠsamples	 ﾠwere	 ﾠmapped	 ﾠto	 ﾠthe	 ﾠChapter	 ﾠ2:	 ﾠMaterials	 ﾠand	 ﾠMethods	 ﾠ
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zebrafish	 ﾠgenome	 ﾠ(zv9)	 ﾠwith	 ﾠBowTie	 ﾠversion	 ﾠ1.1.2	 ﾠ(Langmead	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠPeak	 ﾠ
calling	 ﾠwas	 ﾠperformed	 ﾠusing	 ﾠModel-ﾭ‐based	 ﾠAnalysis	 ﾠof	 ﾠChIP-ﾭ‐Seq	 ﾠ(MACS)	 ﾠversion	 ﾠ1.0.1	 ﾠ
(Zhang	 ﾠet	 ﾠal.,	 ﾠ2008b).	 ﾠ	 ﾠDNA	 ﾠbinding	 ﾠevents	 ﾠwere	 ﾠvisualised	 ﾠusing	 ﾠthe	 ﾠIGV	 ﾠbrowser	 ﾠ
(Robinson	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
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3  A	 ﾠgenome-ﾭ‐wide	 ﾠsearch	 ﾠfor	 ﾠtranscriptional	 ﾠtargets	 ﾠof	 ﾠPlzf	 ﾠ
3.1  Introduction	 ﾠ
Understanding	 ﾠwhere	 ﾠin	 ﾠthe	 ﾠgenome	 ﾠtranscription	 ﾠfactors	 ﾠbind	 ﾠcan	 ﾠbe	 ﾠhighly	 ﾠ
informative	 ﾠin	 ﾠdissecting	 ﾠtheir	 ﾠfunction.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠhematopoietic	 ﾠand	 ﾠspermatogonial	 ﾠ
stem	 ﾠcells,	 ﾠPlzf	 ﾠdirectly	 ﾠregulates	 ﾠgenes	 ﾠassociated	 ﾠwith	 ﾠproliferation	 ﾠ(Shaknovich	 ﾠet	 ﾠ
al.,	 ﾠ1998,	 ﾠDoulatov	 ﾠet	 ﾠal.,	 ﾠ2009),	 ﾠand	 ﾠdifferentiation	 ﾠ(Doulatov	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠFilipponi	 ﾠ
et	 ﾠal.,	 ﾠ2007,	 ﾠHobbs	 ﾠet	 ﾠal.,	 ﾠ2010),	 ﾠin	 ﾠorder	 ﾠto	 ﾠmaintain	 ﾠthe	 ﾠprogenitor	 ﾠstate.	 ﾠ	 ﾠWhilst	 ﾠa	 ﾠ
function	 ﾠfor	 ﾠPlzf	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠnervous	 ﾠsystem	 ﾠhas	 ﾠbeen	 ﾠdescribed	 ﾠ
(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠGaber	 ﾠet	 ﾠal.,	 ﾠ2013),	 ﾠno	 ﾠdirect	 ﾠtranscriptional	 ﾠtargets	 ﾠhave	 ﾠ
been	 ﾠidentified	 ﾠwithin	 ﾠthis	 ﾠtissue.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠfurther	 ﾠunderstand	 ﾠhow	 ﾠPlzf	 ﾠregulates	 ﾠ
neurogenesis	 ﾠand	 ﾠpossibly	 ﾠdiscover	 ﾠnew	 ﾠfunctions,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠperform	 ﾠa	 ﾠgenome-ﾭ‐
wide	 ﾠcharacterisation	 ﾠof	 ﾠPlzf	 ﾠtargets.	 ﾠ	 ﾠ	 ﾠ
To	 ﾠidentify	 ﾠgenomic	 ﾠtargets	 ﾠI	 ﾠplanned	 ﾠon	 ﾠusing	 ﾠthe	 ﾠchromatin	 ﾠ
immunoprecipitation	 ﾠ(ChIP)	 ﾠtechnique	 ﾠon	 ﾠzebrafish	 ﾠembryos	 ﾠfollowed	 ﾠby	 ﾠhigh-ﾭ‐
throughput	 ﾠsequencing	 ﾠ(ChIP-ﾭ‐Seq).	 ﾠ	 ﾠThis	 ﾠprocess	 ﾠallows	 ﾠsequencing	 ﾠof	 ﾠthe	 ﾠgenomic	 ﾠ
DNA	 ﾠfragments	 ﾠthat	 ﾠare	 ﾠbound	 ﾠby	 ﾠa	 ﾠDNA-ﾭ‐binding	 ﾠprotein,	 ﾠsuch	 ﾠas	 ﾠa	 ﾠtranscription	 ﾠ
factor.	 ﾠ	 ﾠOnce	 ﾠDNA	 ﾠfragments	 ﾠare	 ﾠsequenced,	 ﾠbioinformatics	 ﾠtechniques	 ﾠare	 ﾠused	 ﾠto	 ﾠ
assign	 ﾠthese	 ﾠregions	 ﾠto	 ﾠan	 ﾠorganism’s	 ﾠgenome;	 ﾠtheoretically	 ﾠidentifying	 ﾠregions	 ﾠthat	 ﾠ
the	 ﾠprotein	 ﾠbinds	 ﾠto	 ﾠin	 ﾠvivo	 ﾠin	 ﾠan	 ﾠunbiased	 ﾠmanner	 ﾠ(Liu	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
In	 ﾠthis	 ﾠchapter	 ﾠI	 ﾠwill	 ﾠfirst	 ﾠof	 ﾠall	 ﾠevaluate	 ﾠthe	 ﾠChIP	 ﾠtechnique	 ﾠwithin	 ﾠzebrafish	 ﾠ
embryo	 ﾠusing	 ﾠa	 ﾠknown	 ﾠChIP-ﾭ‐grade	 ﾠantibody	 ﾠagainst	 ﾠthe	 ﾠhistone	 ﾠprotein	 ﾠH2A.Z.	 ﾠ	 ﾠI	 ﾠ
shall	 ﾠdescribe	 ﾠmy	 ﾠefforts	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠI	 ﾠam	 ﾠable	 ﾠto	 ﾠuse	 ﾠan	 ﾠantibody	 ﾠraised	 ﾠ
against	 ﾠthe	 ﾠzebrafish	 ﾠPlzfa	 ﾠprotein,	 ﾠzfPlzf	 ﾠAb,	 ﾠfor	 ﾠChIP	 ﾠstudies.	 ﾠ	 ﾠPresenting	 ﾠevidence	 ﾠ
that	 ﾠzfPlzf	 ﾠAb	 ﾠis	 ﾠunsuitable	 ﾠfor	 ﾠChIP,	 ﾠI	 ﾠelect	 ﾠto	 ﾠcarry	 ﾠout	 ﾠChIP-ﾭ‐Seq	 ﾠagainst	 ﾠa	 ﾠtagged	 ﾠ
version	 ﾠof	 ﾠPlzfa	 ﾠafter	 ﾠshowing	 ﾠevidence	 ﾠthat	 ﾠit	 ﾠcan	 ﾠbe	 ﾠimmunoprecipitated	 ﾠfrom	 ﾠ
zebrafish	 ﾠchromatin.	 ﾠ	 ﾠFinally,	 ﾠI	 ﾠshow	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠfailed	 ﾠto	 ﾠ
identify	 ﾠregions	 ﾠbound	 ﾠby	 ﾠPlzf	 ﾠand	 ﾠtroubleshoot	 ﾠthe	 ﾠpossible	 ﾠreasons	 ﾠwhy.	 ﾠ
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3.2  Evaluating	 ﾠthe	 ﾠChIP	 ﾠtechnique	 ﾠin	 ﾠzebrafish	 ﾠ
There	 ﾠare	 ﾠseveral	 ﾠtechnical	 ﾠconsiderations	 ﾠto	 ﾠtake	 ﾠinto	 ﾠaccount	 ﾠwhen	 ﾠ
performing	 ﾠChIP-ﾭ‐Seq	 ﾠexperiments.	 ﾠ	 ﾠFirstly,	 ﾠI	 ﾠhad	 ﾠto	 ﾠdecide	 ﾠwhat	 ﾠto	 ﾠuse	 ﾠas	 ﾠmy	 ﾠsource	 ﾠ
of	 ﾠchromatin.	 ﾠ	 ﾠThere	 ﾠare	 ﾠadvantages	 ﾠto	 ﾠcarrying	 ﾠout	 ﾠChIP-ﾭ‐Seq	 ﾠusing	 ﾠcultured	 ﾠstem	 ﾠ
cells,	 ﾠsuch	 ﾠas	 ﾠworking	 ﾠwith	 ﾠa	 ﾠhomogenous	 ﾠpopulation	 ﾠof	 ﾠcells	 ﾠand	 ﾠthe	 ﾠease	 ﾠof	 ﾠ
obtaining	 ﾠlarge	 ﾠamounts	 ﾠof	 ﾠmaterial	 ﾠto	 ﾠwork	 ﾠwith.	 ﾠ	 ﾠHowever,	 ﾠbinding	 ﾠevents	 ﾠthat	 ﾠ
occur	 ﾠin	 ﾠvitro	 ﾠmay	 ﾠnot	 ﾠdirectly	 ﾠcorrelate	 ﾠwith	 ﾠevents	 ﾠoccurring	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠTherefore,	 ﾠI	 ﾠ
chose	 ﾠto	 ﾠperform	 ﾠChIP	 ﾠon	 ﾠwhole	 ﾠzebrafish	 ﾠembryos	 ﾠbecause	 ﾠmy	 ﾠfunctional	 ﾠanalysis	 ﾠis	 ﾠ
being	 ﾠperformed	 ﾠin	 ﾠthe	 ﾠsame	 ﾠsystem	 ﾠand	 ﾠprevious	 ﾠstudies	 ﾠhave	 ﾠdemonstrated	 ﾠthe	 ﾠ
ability	 ﾠto	 ﾠidentify	 ﾠgenomic	 ﾠtargets	 ﾠwithin	 ﾠzebrafish	 ﾠ(Wardle	 ﾠet	 ﾠal.,	 ﾠ2006,	 ﾠAday	 ﾠet	 ﾠal.,	 ﾠ
2011,	 ﾠXu	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ	 ﾠ
A	 ﾠmajor	 ﾠfactor	 ﾠthat	 ﾠcontributes	 ﾠto	 ﾠthe	 ﾠsuccess	 ﾠof	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠis	 ﾠ
the	 ﾠchoice	 ﾠof	 ﾠantibody	 ﾠ(Kidder	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠA	 ﾠfrequently	 ﾠused	 ﾠmethod	 ﾠto	 ﾠdetermine	 ﾠ
whether	 ﾠan	 ﾠantibody	 ﾠis	 ﾠsuitable	 ﾠfor	 ﾠChIP	 ﾠexperiments	 ﾠis	 ﾠby	 ﾠdetection	 ﾠof	 ﾠlocus-ﾭ‐specific	 ﾠ
enrichment	 ﾠat	 ﾠsites	 ﾠdirectly	 ﾠbound	 ﾠby	 ﾠthe	 ﾠtranscription	 ﾠfactor	 ﾠof	 ﾠinterest.	 ﾠ	 ﾠThis	 ﾠcan	 ﾠbe	 ﾠ
done	 ﾠby	 ﾠChIP-ﾭ‐PCR	 ﾠassays	 ﾠwhen	 ﾠthe	 ﾠenrichment	 ﾠat	 ﾠseveral	 ﾠpositive	 ﾠcontrol	 ﾠregions	 ﾠis	 ﾠ
compared	 ﾠto	 ﾠthat	 ﾠat	 ﾠnegative	 ﾠcontrol	 ﾠregions.	 ﾠ
H2A.Z	 ﾠChIP-ﾭ‐qPCR	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠideal	 ﾠexperimental	 ﾠconditions	 ﾠfor	 ﾠthe	 ﾠChIP	 ﾠ
technique	 ﾠin	 ﾠzebrafish,	 ﾠI	 ﾠdecided	 ﾠto	 ﾠperform	 ﾠChIP-ﾭ‐PCR	 ﾠusing	 ﾠa	 ﾠknown	 ﾠChIP-ﾭ‐grade	 ﾠ
antibody	 ﾠthat	 ﾠrecognises	 ﾠthe	 ﾠhistone	 ﾠvariant	 ﾠH2A.Z	 ﾠprotein.	 ﾠ	 ﾠH2A.Z	 ﾠhas	 ﾠa	 ﾠvariety	 ﾠof	 ﾠ
functions	 ﾠand	 ﾠis	 ﾠknown	 ﾠto	 ﾠbe	 ﾠassociated	 ﾠwith	 ﾠnucleosomes	 ﾠclose	 ﾠto	 ﾠthe	 ﾠ
transcriptional	 ﾠstart	 ﾠsite	 ﾠ(TSS)	 ﾠof	 ﾠgenes	 ﾠ(Zlatanova	 ﾠand	 ﾠThakar,	 ﾠ2008).	 ﾠ	 ﾠPrevious	 ﾠ
studies	 ﾠhave	 ﾠshow	 ﾠenrichment	 ﾠof	 ﾠH2A.Z	 ﾠat	 ﾠthe	 ﾠTSS	 ﾠof	 ﾠseveral	 ﾠgenes	 ﾠwithin	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome	 ﾠby	 ﾠChIP-ﾭ‐PCR	 ﾠ(George	 ﾠGentsch,	 ﾠunpublished).	 ﾠ
I	 ﾠinitially	 ﾠchose	 ﾠto	 ﾠwork	 ﾠwith	 ﾠ24	 ﾠhpf	 ﾠembryos	 ﾠbecause	 ﾠat	 ﾠthis	 ﾠstage	 ﾠthere	 ﾠare	 ﾠa	 ﾠ
high	 ﾠproportion	 ﾠof	 ﾠneural	 ﾠprogenitors	 ﾠthat	 ﾠare	 ﾠactively	 ﾠproliferating	 ﾠand	 ﾠundergoing	 ﾠ
neurogenesis.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠwanted	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠconditions	 ﾠrequired	 ﾠto	 ﾠreversibly	 ﾠ
cross-ﾭ‐link	 ﾠDNA	 ﾠand	 ﾠproteins	 ﾠand	 ﾠto	 ﾠfragment	 ﾠthe	 ﾠDNA	 ﾠat	 ﾠthis	 ﾠstage	 ﾠin	 ﾠdevelopment.	 ﾠ	 ﾠ
The	 ﾠbasic	 ﾠChIP	 ﾠprotocol	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ3-ﾭ‐1a	 ﾠand	 ﾠdescribed	 ﾠin	 ﾠdetail	 ﾠwithin	 ﾠ
Chapter	 ﾠ2.9.	 ﾠ	 ﾠChIP-ﾭ‐Seq	 ﾠideally	 ﾠrequires	 ﾠaround	 ﾠ5	 ﾠx	 ﾠ10
7	 ﾠcells	 ﾠstarting	 ﾠmaterial	 ﾠ(Schmidt	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
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 ﾠ 	 ﾠ
et	 ﾠal.,	 ﾠ2009,	 ﾠBogdanović	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠand	 ﾠbecause	 ﾠa	 ﾠ24	 ﾠhpf	 ﾠembryo	 ﾠis	 ﾠestimated	 ﾠto	 ﾠ
contain	 ﾠbetween	 ﾠ20,000	 ﾠ–	 ﾠ30,000	 ﾠcells	 ﾠ(Aday	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠI	 ﾠelected	 ﾠto	 ﾠextract	 ﾠ
chromatin	 ﾠfrom	 ﾠ500	 ﾠembryos	 ﾠper	 ﾠexperiment.	 ﾠ	 ﾠ
Sonication	 ﾠconditions	 ﾠwere	 ﾠdetermined	 ﾠin	 ﾠorder	 ﾠto	 ﾠfragment	 ﾠthe	 ﾠcross-ﾭ‐linked	 ﾠ
chromatin	 ﾠto	 ﾠrange	 ﾠbetween	 ﾠ200	 ﾠ–	 ﾠ1000	 ﾠbp,	 ﾠsuitable	 ﾠfor	 ﾠChIP-ﾭ‐PCR	 ﾠ(Figure	 ﾠ3-ﾭ‐1b).	 ﾠ	 ﾠFor	 ﾠ
initial	 ﾠPCR	 ﾠanalysis,	 ﾠthis	 ﾠrange	 ﾠof	 ﾠDNA	 ﾠfragments	 ﾠshould	 ﾠsuffice,	 ﾠalthough	 ﾠfurther	 ﾠ
sonication	 ﾠsuch	 ﾠthat	 ﾠI	 ﾠobtain	 ﾠfragments	 ﾠbetween	 ﾠ150	 ﾠ–	 ﾠ300	 ﾠbp	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠChIP-ﾭ‐
Seq.	 ﾠ	 ﾠFrom	 ﾠthe	 ﾠ500	 ﾠ24	 ﾠhpf	 ﾠembryos,	 ﾠI	 ﾠobtained	 ﾠbetween	 ﾠ60	 ﾠ–	 ﾠ80	 ﾠμg	 ﾠof	 ﾠDNA	 ﾠand	 ﾠ
performed	 ﾠindividual	 ﾠChIP	 ﾠexperiments	 ﾠusing	 ﾠ10	 ﾠμg	 ﾠDNA.	 ﾠ	 ﾠSamples	 ﾠwere	 ﾠ
immunoprecipitated	 ﾠwith	 ﾠeither	 ﾠan	 ﾠantibody	 ﾠspecific	 ﾠto	 ﾠH2A.Z	 ﾠor	 ﾠwent	 ﾠthrough	 ﾠ
identical	 ﾠtreatment	 ﾠwithout	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠan	 ﾠantibody	 ﾠ(negative	 ﾠcontrol).	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠthe	 ﾠH2A.Z	 ﾠChIP	 ﾠexperiment	 ﾠhas	 ﾠworked,	 ﾠthe	 ﾠsamples	 ﾠ
were	 ﾠanalysed	 ﾠby	 ﾠChIP-ﾭ‐PCR	 ﾠ(Figure	 ﾠ3-ﾭ‐1c).	 ﾠ	 ﾠPositive	 ﾠcontrol	 ﾠregions	 ﾠwere	 ﾠthe	 ﾠTSS	 ﾠof	 ﾠ
selected	 ﾠgenes	 ﾠ(copb1,	 ﾠhsf2	 ﾠand	 ﾠklhl20)	 ﾠand	 ﾠnegative	 ﾠcontrol	 ﾠregions	 ﾠwere	 ﾠlocations	 ﾠ
within	 ﾠthe	 ﾠexons	 ﾠand	 ﾠ3’	 ﾠUTRs	 ﾠof	 ﾠthe	 ﾠrespective	 ﾠgenes,	 ﾠseveral	 ﾠkilobases	 ﾠaway	 ﾠfrom	 ﾠ
the	 ﾠTSS.	 ﾠ	 ﾠBetween	 ﾠ7	 ﾠ–	 ﾠ11	 ﾠfold	 ﾠenrichment	 ﾠwas	 ﾠobserved	 ﾠat	 ﾠthe	 ﾠpositive	 ﾠcontrol	 ﾠ
regions	 ﾠfor	 ﾠthe	 ﾠthree	 ﾠgenes	 ﾠtested	 ﾠwhen	 ﾠChIP	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠthe	 ﾠH2A.Z	 ﾠ
antibody	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠno	 ﾠantibody	 ﾠcontrol.	 ﾠ	 ﾠEncouragingly,	 ﾠno	 ﾠenrichment	 ﾠwas	 ﾠ
detected	 ﾠat	 ﾠthe	 ﾠnegative	 ﾠcontrol	 ﾠregions.	 ﾠ	 ﾠOverall,	 ﾠthese	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠChIP-ﾭ‐
PCR	 ﾠfor	 ﾠH2A.Z	 ﾠusing	 ﾠzebrafish	 ﾠembryos	 ﾠwas	 ﾠsuccessful	 ﾠand	 ﾠtherefore	 ﾠI	 ﾠcan	 ﾠuse	 ﾠthe	 ﾠ
same	 ﾠprotocol	 ﾠto	 ﾠbegin	 ﾠChIP	 ﾠfor	 ﾠPlzf.	 ﾠ	 ﾠ
Characterising	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠ
Ideally	 ﾠI	 ﾠsought	 ﾠto	 ﾠdetect	 ﾠwhere	 ﾠthe	 ﾠendogenous	 ﾠPlzf	 ﾠprotein	 ﾠbinds	 ﾠwithin	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome.	 ﾠ	 ﾠA	 ﾠcaveat	 ﾠwith	 ﾠthis	 ﾠapproach	 ﾠis	 ﾠthat	 ﾠthere	 ﾠis	 ﾠno	 ﾠknown	 ﾠChIP-ﾭ‐grade	 ﾠ
antibody	 ﾠthat	 ﾠworks	 ﾠin	 ﾠzebrafish.	 ﾠ	 ﾠBefore	 ﾠI	 ﾠbegan	 ﾠmy	 ﾠPhD	 ﾠproject,	 ﾠthe	 ﾠWilkinson	 ﾠLab	 ﾠ
raised	 ﾠa	 ﾠpolyclonal	 ﾠantibody	 ﾠraised	 ﾠagainst	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠBTB	 ﾠdomain	 ﾠof	 ﾠthe	 ﾠ
zebrafish	 ﾠPlzfa	 ﾠprotein	 ﾠ(zfPlzf	 ﾠAb).	 ﾠ	 ﾠIt	 ﾠwas	 ﾠimportant	 ﾠthat	 ﾠthis	 ﾠantibody	 ﾠwas	 ﾠfully	 ﾠ
characterised	 ﾠsince	 ﾠthe	 ﾠaim	 ﾠwas	 ﾠto	 ﾠuse	 ﾠit	 ﾠfor	 ﾠmultiple	 ﾠpurposes	 ﾠduring	 ﾠmy	 ﾠPhD	 ﾠwork.	 ﾠ	 ﾠ
As	 ﾠpreviously	 ﾠmentioned,	 ﾠthere	 ﾠare	 ﾠtwo	 ﾠparalogues	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠzebrafish,	 ﾠ
described	 ﾠas	 ﾠPlzfa	 ﾠand	 ﾠPlzfb.	 ﾠ	 ﾠThese	 ﾠproteins	 ﾠshare	 ﾠover	 ﾠ90%	 ﾠsimilarity	 ﾠin	 ﾠtheir	 ﾠBTB	 ﾠ
domain	 ﾠand	 ﾠas	 ﾠthe	 ﾠantibody	 ﾠis	 ﾠraised	 ﾠagainst	 ﾠnumerous	 ﾠepitopes,	 ﾠit	 ﾠseemed	 ﾠlikely	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
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Figure	 ﾠ3-ﾭ‐1:	 ﾠTesting	 ﾠthe	 ﾠChIP	 ﾠprotocol	 ﾠfor	 ﾠH2A.z	 ﾠ
a:	 ﾠAn	 ﾠoverview	 ﾠof	 ﾠthe	 ﾠChIP	 ﾠprocedure.	 ﾠ	 ﾠ500	 ﾠwild	 ﾠtype	 ﾠembryos	 ﾠare	 ﾠgrown	 ﾠto	 ﾠ24	 ﾠhpf	 ﾠ
and	 ﾠthe	 ﾠwhole	 ﾠembryos	 ﾠare	 ﾠcross-ﾭ‐linked	 ﾠto	 ﾠlink	 ﾠthe	 ﾠDNA-ﾭ‐interacting	 ﾠproteins	 ﾠto	 ﾠthe	 ﾠ
DNA.	 ﾠ	 ﾠThe	 ﾠembryos	 ﾠare	 ﾠlysed	 ﾠand	 ﾠchromatin	 ﾠextracted	 ﾠas	 ﾠa	 ﾠpool.	 ﾠ	 ﾠThe	 ﾠDNA	 ﾠis	 ﾠsheared	 ﾠ
by	 ﾠsonication	 ﾠinto	 ﾠa	 ﾠsuitable	 ﾠfragment	 ﾠsize	 ﾠdistribution	 ﾠ(200	 ﾠ–	 ﾠ1000	 ﾠbp	 ﾠfor	 ﾠChIP-ﾭ‐PCR,	 ﾠ
0	 ﾠ–	 ﾠ400	 ﾠbp	 ﾠfor	 ﾠChIP-ﾭ‐Seq).	 ﾠ	 ﾠChIP	 ﾠis	 ﾠcarried	 ﾠout	 ﾠby	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠan	 ﾠantibody	 ﾠspecific	 ﾠ
to	 ﾠthe	 ﾠprotein	 ﾠof	 ﾠinterest	 ﾠto	 ﾠ10	 ﾠμg	 ﾠsheered	 ﾠchromatin.	 ﾠ	 ﾠDNA	 ﾠfragments	 ﾠthat	 ﾠare	 ﾠ
bound	 ﾠby	 ﾠthis	 ﾠprotein	 ﾠare	 ﾠisolated	 ﾠby	 ﾠimmunoprecipitation,	 ﾠreverse	 ﾠcross-ﾭ‐linked,	 ﾠ
purified	 ﾠand	 ﾠsubject	 ﾠto	 ﾠanalysis.	 ﾠ	 ﾠThis	 ﾠanalysis	 ﾠcan	 ﾠbe	 ﾠhigh	 ﾠthroughput	 ﾠsequencing	 ﾠin	 ﾠ
the	 ﾠcase	 ﾠof	 ﾠChIP-ﾭ‐Seq,	 ﾠby	 ﾠqPCR	 ﾠfor	 ﾠChIP-ﾭ‐PCR	 ﾠor	 ﾠby	 ﾠa	 ﾠWestern	 ﾠBlot.	 ﾠ
b:	 ﾠChromatin	 ﾠwas	 ﾠsonicated	 ﾠto	 ﾠproduce	 ﾠfragments	 ﾠbetween	 ﾠ200	 ﾠ–	 ﾠ1000	 ﾠbp.	 ﾠ	 ﾠ
Sonication	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠa	 ﾠDiagenode	 ﾠBioruptor	 ﾠfor	 ﾠa	 ﾠtotal	 ﾠof	 ﾠ10	 ﾠminutes	 ﾠon	 ﾠ
high	 ﾠsetting	 ﾠusing	 ﾠ30	 ﾠsecond	 ﾠintervals.	 ﾠ	 ﾠAfter	 ﾠreverse	 ﾠcross-ﾭ‐linking,	 ﾠ1	 ﾠμg	 ﾠof	 ﾠthe	 ﾠ
sonicated	 ﾠDNA	 ﾠwas	 ﾠrun	 ﾠon	 ﾠa	 ﾠ1%	 ﾠagarose	 ﾠgel.	 ﾠ
c:	 ﾠChIP-ﾭ‐PCR	 ﾠfor	 ﾠH2A.Z	 ﾠshows	 ﾠenrichment	 ﾠat	 ﾠthe	 ﾠTSS	 ﾠfor	 ﾠexamined	 ﾠgenes.	 ﾠ	 ﾠFold	 ﾠ
enrichment	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠno	 ﾠantibody	 ﾠcontrol	 ﾠis	 ﾠshown.	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
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that	 ﾠthe	 ﾠantibody	 ﾠis	 ﾠcapable	 ﾠof	 ﾠdetecting	 ﾠboth	 ﾠproteins.	 ﾠ	 ﾠTo	 ﾠconfirm	 ﾠthis,	 ﾠI	 ﾠ
transfected	 ﾠcultured	 ﾠcells	 ﾠwith	 ﾠepitope	 ﾠtagged	 ﾠversions	 ﾠof	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠand	 ﾠcarried	 ﾠ
out	 ﾠimmunohistochemistry	 ﾠ(IHC)	 ﾠusing	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠ(Figure	 ﾠ3-ﾭ‐2).	 ﾠ	 ﾠBoth	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ
were	 ﾠfound	 ﾠexpressed	 ﾠin	 ﾠa	 ﾠspeckled	 ﾠnuclear	 ﾠpattern	 ﾠ(Figure	 ﾠ3-ﾭ‐2h’	 ﾠ&	 ﾠl’)	 ﾠas	 ﾠpreviously	 ﾠ
reported	 ﾠfor	 ﾠmouse	 ﾠand	 ﾠhuman	 ﾠPlzf	 ﾠ(Reid	 ﾠet	 ﾠal.,	 ﾠ1995,	 ﾠBernardo	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ
ChIP	 ﾠagainst	 ﾠendogenous	 ﾠPlzf	 ﾠ
	 ﾠAs	 ﾠdescribed	 ﾠlater	 ﾠin	 ﾠChapter	 ﾠ4.2,	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠfunctions	 ﾠwell	 ﾠin	 ﾠIHC	 ﾠusing	 ﾠ
paraformaldehyde	 ﾠfixed	 ﾠzebrafish	 ﾠembryos,	 ﾠthrough	 ﾠthis	 ﾠdoes	 ﾠnot	 ﾠguarantee	 ﾠthat	 ﾠit	 ﾠ
is	 ﾠChIP-ﾭ‐grade.	 ﾠ	 ﾠPrevious	 ﾠstudies	 ﾠhave	 ﾠidentified	 ﾠChIP-ﾭ‐grade	 ﾠcommercially	 ﾠavailable	 ﾠ
Plzf	 ﾠantibodies	 ﾠfor	 ﾠuse	 ﾠin	 ﾠhuman	 ﾠcells	 ﾠ(Doulatov	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠRice	 ﾠet	 ﾠal.,	 ﾠ2009)	 ﾠand	 ﾠI	 ﾠ
therefore	 ﾠwanted	 ﾠto	 ﾠalso	 ﾠdetermine	 ﾠwhether	 ﾠthey	 ﾠwould	 ﾠbe	 ﾠsuitable	 ﾠfor	 ﾠzebrafish	 ﾠ
ChIP.	 ﾠ	 ﾠInformation	 ﾠabout	 ﾠthese	 ﾠantibodies	 ﾠis	 ﾠprovided	 ﾠin	 ﾠFigure	 ﾠ3-ﾭ‐3a.	 ﾠ	 ﾠDespite	 ﾠthe	 ﾠ
relatively	 ﾠhigh	 ﾠsequence	 ﾠsimilarity	 ﾠbetween	 ﾠthe	 ﾠepitope	 ﾠof	 ﾠthe	 ﾠcommercial	 ﾠ
antibodies,	 ﾠdesignated	 ﾠmPlzf	 ﾠand	 ﾠhPlzf,	 ﾠand	 ﾠthe	 ﾠzebrafish	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠprotein,	 ﾠI	 ﾠ
was	 ﾠunsuccessful	 ﾠin	 ﾠmy	 ﾠattempts	 ﾠto	 ﾠuse	 ﾠthem	 ﾠto	 ﾠdetect	 ﾠendogenous	 ﾠprotein	 ﾠby	 ﾠIHC	 ﾠ
in	 ﾠzebrafish	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠtest	 ﾠthese	 ﾠantibodies	 ﾠfor	 ﾠChIP	 ﾠI	 ﾠaimed	 ﾠto	 ﾠperform	 ﾠa	 ﾠsimilar	 ﾠChIP-ﾭ‐
PCR	 ﾠexperiment	 ﾠas	 ﾠI	 ﾠused	 ﾠfor	 ﾠH2A.Z	 ﾠand	 ﾠconfirm	 ﾠlocus	 ﾠspecific	 ﾠenrichment	 ﾠat	 ﾠsites	 ﾠ
bound	 ﾠby	 ﾠPlzf.	 ﾠ	 ﾠIn	 ﾠplanning	 ﾠthis,	 ﾠhowever,	 ﾠI	 ﾠencountered	 ﾠa	 ﾠsecond	 ﾠdifficulty.	 ﾠ	 ﾠAs	 ﾠfar	 ﾠas	 ﾠ
I	 ﾠam	 ﾠaware,	 ﾠthere	 ﾠare	 ﾠno	 ﾠknown	 ﾠtargets	 ﾠdirectly	 ﾠbound	 ﾠby	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠ
genome	 ﾠand	 ﾠtherefore	 ﾠI	 ﾠdid	 ﾠnot	 ﾠhave	 ﾠany	 ﾠpositive	 ﾠcontrol	 ﾠregions	 ﾠwith	 ﾠwhich	 ﾠI	 ﾠcould	 ﾠ
test	 ﾠthe	 ﾠantibodies.	 ﾠ	 ﾠInstead,	 ﾠI	 ﾠturned	 ﾠto	 ﾠknown	 ﾠPlzf	 ﾠtargets	 ﾠfound	 ﾠin	 ﾠmouse	 ﾠand	 ﾠ
human	 ﾠstudies	 ﾠand	 ﾠcompared	 ﾠthem	 ﾠto	 ﾠthe	 ﾠhomologous	 ﾠregions	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠ
genome.	 ﾠ	 ﾠOf	 ﾠthose	 ﾠstudied,	 ﾠcrabp1,	 ﾠhoxD11	 ﾠand	 ﾠccna2	 ﾠregulatory	 ﾠelements	 ﾠcontain	 ﾠ
Plzf	 ﾠbinding	 ﾠsites	 ﾠthat	 ﾠare	 ﾠhighly	 ﾠconserved	 ﾠin	 ﾠzebrafish	 ﾠ(Figure	 ﾠ3-ﾭ‐3b).	 ﾠ	 ﾠ	 ﾠ
The	 ﾠcombined	 ﾠevidence	 ﾠthat	 ﾠthese	 ﾠregions	 ﾠare	 ﾠwell-ﾭ‐characterised	 ﾠtargets	 ﾠof	 ﾠ
Plzf	 ﾠin	 ﾠother	 ﾠorganisms	 ﾠand	 ﾠare	 ﾠconserved	 ﾠin	 ﾠzebrafish	 ﾠmeant	 ﾠthat	 ﾠI	 ﾠused	 ﾠthese	 ﾠas	 ﾠmy	 ﾠ
positive	 ﾠcontrol	 ﾠregions	 ﾠfor	 ﾠChIP-ﾭ‐PCR.	 ﾠ	 ﾠFor	 ﾠnegative	 ﾠcontrol	 ﾠregions,	 ﾠI	 ﾠselected	 ﾠloci	 ﾠ
within	 ﾠthe	 ﾠexons	 ﾠof	 ﾠthree	 ﾠdifferent	 ﾠgenes	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠnot	 ﾠbelieved	 ﾠto	 ﾠbind	 ﾠto	 ﾠ(deltaA,	 ﾠ
ephrinA1,	 ﾠelavl3).	 ﾠ	 ﾠChIP-ﾭ‐PCR	 ﾠdata	 ﾠshowing	 ﾠthe	 ﾠfold	 ﾠenrichment	 ﾠobtained	 ﾠfrom	 ﾠusing	 ﾠ
the	 ﾠthree	 ﾠdescribed	 ﾠantibodies	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠno	 ﾠantibody	 ﾠcontrol	 ﾠat	 ﾠthe	 ﾠpositive	 ﾠand	 ﾠ	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	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 ﾠ
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Figure	 ﾠ3-ﾭ‐2:	 ﾠCharacterising	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠ
Cartoon	 ﾠshowing	 ﾠthat	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠwas	 ﾠraised	 ﾠagainst	 ﾠthe	 ﾠPlzfa	 ﾠBTB	 ﾠdomain.	 ﾠ	 ﾠ
112/121	 ﾠof	 ﾠthe	 ﾠamino	 ﾠacids	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠBTB	 ﾠdomains	 ﾠare	 ﾠidentical.	 ﾠ
	 ﾠ
a-ﾭ‐l:	 ﾠHEK	 ﾠ293	 ﾠcells	 ﾠwere	 ﾠtransfected	 ﾠwith	 ﾠeither	 ﾠan	 ﾠMyc	 ﾠtagged	 ﾠcontrol	 ﾠplasmid	 ﾠ(a-ﾭ‐d),	 ﾠ
HA	 ﾠtagged	 ﾠPlzfa	 ﾠ(e-ﾭ‐h)	 ﾠor	 ﾠMyc	 ﾠtagged	 ﾠPlzfb	 ﾠ(i-ﾭ‐l)	 ﾠand	 ﾠstained	 ﾠwith	 ﾠantibodies	 ﾠagainst	 ﾠ
their	 ﾠrespective	 ﾠtags.	 ﾠ	 ﾠThe	 ﾠzfPlzf	 ﾠAb	 ﾠrecognised	 ﾠboth	 ﾠPlzfa	 ﾠand	 ﾠPlzfb,	 ﾠwhich	 ﾠare	 ﾠfound	 ﾠ
in	 ﾠa	 ﾠnuclear	 ﾠspeckled	 ﾠpattern	 ﾠ(arrows	 ﾠin	 ﾠh’	 ﾠand	 ﾠl’).	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ5	 ﾠμm.	 ﾠ
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Figure	 ﾠ3-ﾭ‐3:	 ﾠChIP-ﾭ‐PCR	 ﾠattempts	 ﾠfor	 ﾠendogenous	 ﾠPlzf	 ﾠ
a:	 ﾠRelevant	 ﾠdetails	 ﾠof	 ﾠthe	 ﾠthree	 ﾠantibodies	 ﾠused	 ﾠfor	 ﾠPlzf	 ﾠChIP-ﾭ‐PCR.	 ﾠ	 ﾠSimilarity	 ﾠto	 ﾠthe	 ﾠ
zebrafish	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠproteins	 ﾠare	 ﾠshown	 ﾠas	 ﾠpercentages	 ﾠof	 ﾠamino	 ﾠacid	 ﾠidentity.	 ﾠ	 ﾠ
Evidence	 ﾠthat	 ﾠthe	 ﾠmPlzf	 ﾠand	 ﾠhPlzf	 ﾠantibodies	 ﾠare	 ﾠChIP	 ﾠGrade	 ﾠis	 ﾠprovided	 ﾠby	 ﾠDoulatov	 ﾠ
et	 ﾠal.	 ﾠ(2009)	 ﾠand	 ﾠRice	 ﾠet	 ﾠal.	 ﾠ(2009),	 ﾠrespectively.	 ﾠ
b:	 ﾠHomology	 ﾠbetween	 ﾠPlzf	 ﾠtarget	 ﾠregions	 ﾠwithin	 ﾠhuman,	 ﾠmouse	 ﾠand	 ﾠzebrafish	 ﾠ
genomes	 ﾠfor	 ﾠPlzf	 ﾠtarget	 ﾠgenes.	 ﾠ	 ﾠThe	 ﾠPlzf	 ﾠconsensus	 ﾠbinding	 ﾠsequence	 ﾠshown	 ﾠis	 ﾠthe	 ﾠ
one	 ﾠdefined	 ﾠby	 ﾠLi	 ﾠet	 ﾠal.	 ﾠ(1997).	 ﾠThe	 ﾠPlzf	 ﾠbinding	 ﾠsite	 ﾠwithin	 ﾠcrabp1,	 ﾠccna2	 ﾠand	 ﾠhoxD11	 ﾠ
regulatory	 ﾠsequences	 ﾠwere	 ﾠdescribed	 ﾠby	 ﾠGuidez	 ﾠet	 ﾠal.	 ﾠ(2007),	 ﾠYeyati	 ﾠet	 ﾠal.	 ﾠ(1999)	 ﾠand	 ﾠ
Barna	 ﾠet	 ﾠal.	 ﾠ(2002)	 ﾠrespectively.	 ﾠ
c-ﾭ‐e:	 ﾠPlzf	 ﾠChIP	 ﾠPCR	 ﾠresults	 ﾠfor	 ﾠpotential	 ﾠpositive	 ﾠcontrol	 ﾠregions	 ﾠusing	 ﾠthe	 ﾠthree	 ﾠ
candidate	 ﾠantibodies.	 ﾠ	 ﾠFold	 ﾠenrichment	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠno	 ﾠantibody	 ﾠcontrol	 ﾠis	 ﾠshown.	 ﾠ	 ﾠ
No	 ﾠenrichment	 ﾠis	 ﾠobserved	 ﾠfor	 ﾠany	 ﾠof	 ﾠthe	 ﾠloci	 ﾠanalysed	 ﾠwith	 ﾠany	 ﾠof	 ﾠthe	 ﾠantibodies.	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 ﾠ3:	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Figure	 ﾠ3-ﾭ‐3	 ﾠ
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negative	 ﾠcontrol	 ﾠregions	 ﾠis	 ﾠdisplayed	 ﾠwithin	 ﾠFigure	 ﾠ3-ﾭ‐3c-ﾭ‐e.	 ﾠ	 ﾠThe	 ﾠanalysis	 ﾠdid	 ﾠnot	 ﾠshow	 ﾠ
any	 ﾠenrichment	 ﾠat	 ﾠthe	 ﾠpositive	 ﾠcontrol	 ﾠregions	 ﾠto	 ﾠsuggest	 ﾠthat	 ﾠany	 ﾠof	 ﾠthe	 ﾠantibodies	 ﾠ
are	 ﾠworking	 ﾠfor	 ﾠChIP	 ﾠin	 ﾠzebrafish.	 ﾠ	 ﾠI	 ﾠcannot	 ﾠat	 ﾠthis	 ﾠstage	 ﾠdistinguish	 ﾠwhether	 ﾠthis	 ﾠis	 ﾠ
due	 ﾠto	 ﾠthe	 ﾠantibodies	 ﾠnot	 ﾠbeing	 ﾠChIP-ﾭ‐grade,	 ﾠwhether	 ﾠthe	 ﾠprotocol	 ﾠrequires	 ﾠ
optimisation	 ﾠfor	 ﾠthe	 ﾠantibodies	 ﾠto	 ﾠdetect	 ﾠPlzf,	 ﾠor	 ﾠif	 ﾠit	 ﾠis	 ﾠbecause	 ﾠPlzf	 ﾠdoes	 ﾠnot	 ﾠbind	 ﾠ
the	 ﾠselected	 ﾠregions	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ
ChIP	 ﾠusing	 ﾠtagged	 ﾠPlzf	 ﾠ
The	 ﾠdifficulty	 ﾠin	 ﾠperforming	 ﾠChIP-ﾭ‐Seq	 ﾠfor	 ﾠendogenous	 ﾠPlzf	 ﾠin	 ﾠzebrafish	 ﾠis	 ﾠthat	 ﾠI	 ﾠ
lack	 ﾠa	 ﾠproven	 ﾠChIP-ﾭ‐grade	 ﾠantibody	 ﾠand	 ﾠcannot	 ﾠeasily	 ﾠtest	 ﾠthe	 ﾠantibody	 ﾠdue	 ﾠto	 ﾠthe	 ﾠ
absence	 ﾠof	 ﾠpositive	 ﾠcontrol	 ﾠregions.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠremove	 ﾠone	 ﾠof	 ﾠthese	 ﾠcaveats,	 ﾠI	 ﾠ
decided	 ﾠto	 ﾠinject	 ﾠan	 ﾠepitope	 ﾠtagged	 ﾠversion	 ﾠof	 ﾠPlzfa	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠand	 ﾠthen	 ﾠuse	 ﾠa	 ﾠ
commercial,	 ﾠChIP-ﾭ‐grade	 ﾠantibody	 ﾠto	 ﾠdetect	 ﾠthe	 ﾠtag.	 ﾠ	 ﾠAnalysis	 ﾠof	 ﾠthe	 ﾠtagged	 ﾠPlzf-ﾭ‐
bound	 ﾠregions	 ﾠby	 ﾠChIP-ﾭ‐Seq	 ﾠwould	 ﾠprovide	 ﾠme	 ﾠwith	 ﾠa	 ﾠlist	 ﾠof	 ﾠpositive	 ﾠcontrol	 ﾠregions	 ﾠ
which	 ﾠI	 ﾠcan	 ﾠthen	 ﾠuse	 ﾠto	 ﾠre-ﾭ‐evaluate	 ﾠthe	 ﾠuse	 ﾠof	 ﾠthe	 ﾠantibodies	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ3-ﾭ‐3a	 ﾠ
for	 ﾠChIP.	 ﾠ	 ﾠIn	 ﾠtheory,	 ﾠoverexpressing	 ﾠtagged	 ﾠversions	 ﾠof	 ﾠtranscription	 ﾠfactors	 ﾠincreases	 ﾠ
the	 ﾠpossibility	 ﾠof	 ﾠfalse	 ﾠpositives	 ﾠbeing	 ﾠidentified	 ﾠwhere	 ﾠthe	 ﾠexcess	 ﾠprotein	 ﾠleads	 ﾠto	 ﾠ
ectopic	 ﾠbinding	 ﾠwithin	 ﾠthe	 ﾠgenome	 ﾠ(Kidder	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIn	 ﾠpractice,	 ﾠthere	 ﾠis	 ﾠat	 ﾠleast	 ﾠ
one	 ﾠexample	 ﾠwhere	 ﾠcomparison	 ﾠChIP	 ﾠexperiments	 ﾠbetween	 ﾠthe	 ﾠoverexpressed	 ﾠand	 ﾠ
endogenous	 ﾠtranscription	 ﾠfactor	 ﾠdidn’t	 ﾠreveal	 ﾠany	 ﾠincreases	 ﾠin	 ﾠnon-ﾭ‐specific	 ﾠbinding	 ﾠ
(Yao	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠFurthermore,	 ﾠthe	 ﾠlack	 ﾠof	 ﾠantibodies	 ﾠavailable	 ﾠfor	 ﾠzebrafish	 ﾠhas	 ﾠled	 ﾠ
to	 ﾠother	 ﾠgroups	 ﾠcarry	 ﾠout	 ﾠChIP-ﾭ‐Seq	 ﾠon	 ﾠzebrafish	 ﾠembryos	 ﾠoverexpressing	 ﾠtagged	 ﾠ
transcription	 ﾠfactors	 ﾠ(Xu	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠtherefore	 ﾠseemed	 ﾠsuitable	 ﾠfor	 ﾠ
detecting	 ﾠPlzf	 ﾠbound	 ﾠtarget	 ﾠDNA.	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠfind	 ﾠa	 ﾠtagged	 ﾠversion	 ﾠof	 ﾠPlzf	 ﾠthat	 ﾠis	 ﾠsuitable	 ﾠfor	 ﾠChIP	 ﾠexperiments,	 ﾠI	 ﾠ
tested	 ﾠvarious	 ﾠdifferent	 ﾠconstructs.	 ﾠ	 ﾠA	 ﾠN-ﾭ‐terminal	 ﾠhemagglutinin	 ﾠ(HA)	 ﾠtagged	 ﾠversion	 ﾠ
of	 ﾠPlzfa	 ﾠ(HA-ﾭ‐Plzfa)	 ﾠwas	 ﾠused	 ﾠpreviously	 ﾠfor	 ﾠoverexpression	 ﾠexperiments	 ﾠin	 ﾠzebrafish	 ﾠ
(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠA	 ﾠC-ﾭ‐terminal	 ﾠFLAG	 ﾠtagged	 ﾠconstruct	 ﾠ(Plzfa-ﾭ‐FLAG)	 ﾠhad	 ﾠbeen	 ﾠ
generated	 ﾠwithin	 ﾠthe	 ﾠlab	 ﾠfor	 ﾠstructural	 ﾠand	 ﾠfunctional	 ﾠstudies	 ﾠ(Mohammed	 ﾠIsmail,	 ﾠ
unpublished).	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠinspired	 ﾠby	 ﾠthe	 ﾠsuccessful	 ﾠChIP-ﾭ‐Seq	 ﾠexperiments	 ﾠ
performed	 ﾠby	 ﾠXu	 ﾠet	 ﾠal.	 ﾠ(2012),	 ﾠI	 ﾠbuilt	 ﾠa	 ﾠC-ﾭ‐terminal	 ﾠMyc	 ﾠtagged	 ﾠconstruct	 ﾠ(Plzfa-ﾭ‐Myc).	 ﾠ	 ﾠ
I	 ﾠaimed	 ﾠto	 ﾠtest	 ﾠeach	 ﾠconstruct	 ﾠfor	 ﾠprotein	 ﾠstability,	 ﾠwhether	 ﾠthey	 ﾠcould	 ﾠbe	 ﾠdetected	 ﾠChapter	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after	 ﾠChIP	 ﾠby	 ﾠWestern	 ﾠBlot	 ﾠand	 ﾠwhether	 ﾠthey	 ﾠare	 ﾠable	 ﾠto	 ﾠinduce	 ﾠthe	 ﾠPlzfa	 ﾠ
overexpression	 ﾠphenotype.	 ﾠ
I	 ﾠgenerated	 ﾠRNA	 ﾠfor	 ﾠeach	 ﾠof	 ﾠthe	 ﾠconstructs	 ﾠand	 ﾠinjected	 ﾠthem	 ﾠindividually	 ﾠ
into	 ﾠwild	 ﾠtype	 ﾠembryos.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠthe	 ﾠtagged	 ﾠprotein	 ﾠis	 ﾠcorrectly	 ﾠ
translated	 ﾠand	 ﾠthat	 ﾠthe	 ﾠtags	 ﾠcan	 ﾠbe	 ﾠdetected	 ﾠby	 ﾠIHC,	 ﾠI	 ﾠanalysed	 ﾠexpression	 ﾠwithin	 ﾠ
embryos	 ﾠat	 ﾠ3.5	 ﾠhpf.	 ﾠ	 ﾠAt	 ﾠthis	 ﾠpre-ﾭ‐gastrulation	 ﾠtime	 ﾠpoint,	 ﾠthe	 ﾠexogenous	 ﾠ
overexpressed	 ﾠRNA	 ﾠhas	 ﾠstarted	 ﾠto	 ﾠbe	 ﾠtranslated	 ﾠand	 ﾠthere	 ﾠis	 ﾠno	 ﾠendogenous	 ﾠPlzfa	 ﾠ
expression	 ﾠ(Figure	 ﾠ3-ﾭ‐4a-ﾭ‐d).	 ﾠ	 ﾠAll	 ﾠof	 ﾠthe	 ﾠthree	 ﾠconstructs	 ﾠtested	 ﾠshowed	 ﾠnuclear	 ﾠPlzfa	 ﾠ
expression	 ﾠrevealed	 ﾠby	 ﾠIHC	 ﾠwith	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠ(Figure	 ﾠ3-ﾭ‐4f,	 ﾠj	 ﾠ&	 ﾠn).	 ﾠ	 ﾠBoth	 ﾠthe	 ﾠMyc	 ﾠand	 ﾠ
HA	 ﾠtag	 ﾠwere	 ﾠclearly	 ﾠdetectable	 ﾠby	 ﾠIHC	 ﾠ(Figure	 ﾠ3-ﾭ‐4g	 ﾠ&	 ﾠo),	 ﾠwhilst	 ﾠthe	 ﾠFLAG	 ﾠtag	 ﾠwas	 ﾠ
undetectable.	 ﾠ	 ﾠTherefore	 ﾠI	 ﾠdecided	 ﾠto	 ﾠgo	 ﾠahead	 ﾠwith	 ﾠjust	 ﾠthe	 ﾠHA-ﾭ‐Plzfa	 ﾠand	 ﾠPlzfa-ﾭ‐Myc	 ﾠ
constructs.	 ﾠ	 ﾠ
Next,	 ﾠI	 ﾠwanted	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠtagged	 ﾠproteins	 ﾠwere	 ﾠstill	 ﾠ
detectable	 ﾠby	 ﾠIHC	 ﾠat	 ﾠa	 ﾠstage	 ﾠrelevant	 ﾠto	 ﾠPlzf	 ﾠfunction.	 ﾠ	 ﾠWhilst	 ﾠpreviously	 ﾠI	 ﾠhad	 ﾠ
optimised	 ﾠthe	 ﾠChIP	 ﾠtechnique	 ﾠfor	 ﾠ24	 ﾠhpf	 ﾠembryos,	 ﾠnow	 ﾠthat	 ﾠI	 ﾠwas	 ﾠinjecting	 ﾠa	 ﾠspecific	 ﾠ
amount	 ﾠof	 ﾠRNA	 ﾠinto	 ﾠthe	 ﾠone	 ﾠcell	 ﾠstage	 ﾠembryos,	 ﾠI	 ﾠwas	 ﾠconcerned	 ﾠthat	 ﾠlevels	 ﾠof	 ﾠ
protein	 ﾠexpression	 ﾠwould	 ﾠbe	 ﾠrelatively	 ﾠlow	 ﾠby	 ﾠ24	 ﾠhpf.	 ﾠ	 ﾠTherefore,	 ﾠI	 ﾠdecided	 ﾠto	 ﾠcarry	 ﾠ
out	 ﾠexperiments	 ﾠwith	 ﾠthe	 ﾠ14	 ﾠhpf	 ﾠembryos,	 ﾠwhere	 ﾠprevious	 ﾠexperiments	 ﾠhave	 ﾠshown	 ﾠ
endogenous	 ﾠPlzfa	 ﾠto	 ﾠhave	 ﾠa	 ﾠrole	 ﾠin	 ﾠregulating	 ﾠneurogenesis	 ﾠand	 ﾠwhen	 ﾠthere	 ﾠis	 ﾠan	 ﾠ
overexpression	 ﾠphenotype	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ	 ﾠ
At	 ﾠthis	 ﾠstage	 ﾠin	 ﾠdevelopment,	 ﾠI	 ﾠcould	 ﾠobserve	 ﾠexogenous	 ﾠnuclear	 ﾠPlzfa	 ﾠprotein	 ﾠ
in	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠRNA	 ﾠfor	 ﾠHA-ﾭ‐plzfa	 ﾠor	 ﾠplzfa-ﾭ‐Myc.	 ﾠ(Figure	 ﾠ3-ﾭ‐4v	 ﾠ&	 ﾠz).	 ﾠ	 ﾠHowever,	 ﾠ
whilst	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠdetect	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠMyc	 ﾠtag,	 ﾠI	 ﾠcouldn’t	 ﾠdetect	 ﾠthe	 ﾠHA	 ﾠtag	 ﾠ
(Figure	 ﾠ3-ﾭ‐4w	 ﾠ&	 ﾠaa).	 ﾠ	 ﾠI	 ﾠknow	 ﾠthat	 ﾠthe	 ﾠHA	 ﾠtag	 ﾠcan	 ﾠbe	 ﾠobserved	 ﾠby	 ﾠIHC	 ﾠ(Figure	 ﾠ3-ﾭ‐4g)	 ﾠand	 ﾠ
therefore	 ﾠthis	 ﾠresult	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠepitope	 ﾠis	 ﾠnot	 ﾠaccessible	 ﾠto	 ﾠthe	 ﾠantibody	 ﾠat	 ﾠ
this	 ﾠstage	 ﾠin	 ﾠdevelopment.	 ﾠ	 ﾠThis	 ﾠresult	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠtaking	 ﾠzebrafish	 ﾠlysates	 ﾠ
containing	 ﾠoverexpressed	 ﾠproteins	 ﾠand	 ﾠperforming	 ﾠWestern	 ﾠBlots	 ﾠwith	 ﾠthe	 ﾠ
appropriate	 ﾠantibodies	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠreliably	 ﾠdetect	 ﾠthe	 ﾠHA	 ﾠtag	 ﾠ
within	 ﾠthe	 ﾠHA-ﾭ‐plzfa	 ﾠinjected	 ﾠembryo	 ﾠlysate,	 ﾠfurther	 ﾠsuggesting	 ﾠthat	 ﾠthis	 ﾠconstruct	 ﾠ
isn’t	 ﾠsuitable	 ﾠfor	 ﾠdetection	 ﾠof	 ﾠthe	 ﾠepitope.	 ﾠ	 ﾠ
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Figure	 ﾠ3-ﾭ‐4:	 ﾠExpression	 ﾠof	 ﾠtagged	 ﾠPlzf	 ﾠconstructs	 ﾠin	 ﾠzebrafish	 ﾠembryos	 ﾠ
a-ﾭ‐p:	 ﾠHA-ﾭ‐Plzfa	 ﾠand	 ﾠPlzfa-ﾭ‐Myc	 ﾠoverexpressed	 ﾠprotein	 ﾠis	 ﾠdetectable	 ﾠby	 ﾠIHC	 ﾠin	 ﾠzebrafish.	 ﾠ
Wild	 ﾠtype	 ﾠembryos	 ﾠwere	 ﾠinjected	 ﾠwith	 ﾠ50	 ﾠpg	 ﾠof	 ﾠone	 ﾠof	 ﾠthe	 ﾠthree	 ﾠtagged	 ﾠPlzfa	 ﾠ
constructs	 ﾠshown	 ﾠand	 ﾠanalysed	 ﾠby	 ﾠIHC	 ﾠat	 ﾠ3.5	 ﾠhpf.	 ﾠ	 ﾠThe	 ﾠzfPlzf	 ﾠAb	 ﾠrecognised	 ﾠall	 ﾠthree	 ﾠ
constructs	 ﾠ(f,j	 ﾠ&	 ﾠn)	 ﾠand	 ﾠthe	 ﾠHA	 ﾠand	 ﾠMyc	 ﾠantibodies	 ﾠrecognised	 ﾠtheir	 ﾠrespective	 ﾠ
tagged	 ﾠconstructs	 ﾠ(g	 ﾠ&	 ﾠo).	 ﾠ	 ﾠThe	 ﾠFLAG	 ﾠantibody	 ﾠwas	 ﾠunable	 ﾠto	 ﾠrecognise	 ﾠ
overexpressed	 ﾠPlzfa-ﾭ‐FLAG	 ﾠ(k)	 ﾠand	 ﾠtherefore	 ﾠthis	 ﾠconstruct	 ﾠwas	 ﾠnot	 ﾠtaken	 ﾠforward.	 ﾠ	 ﾠ
No	 ﾠendogenous	 ﾠPlzfa	 ﾠprotein	 ﾠwas	 ﾠdetected	 ﾠat	 ﾠthis	 ﾠstage	 ﾠin	 ﾠthe	 ﾠcontrol	 ﾠinjected	 ﾠ
embryos	 ﾠ(b).	 ﾠ
q-ﾭ‐ab:	 ﾠPlzfa-ﾭ‐Myc	 ﾠis	 ﾠdetectable	 ﾠat	 ﾠwithin	 ﾠthe	 ﾠ14	 ﾠhpf	 ﾠzebrafish.	 ﾠ	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠ
the	 ﾠHA-ﾭ‐Plzfa	 ﾠand	 ﾠPlzfa-ﾭ‐Myc	 ﾠconstructs	 ﾠwere	 ﾠdeveloped	 ﾠuntil	 ﾠ14	 ﾠhpf	 ﾠand	 ﾠexpression	 ﾠ
was	 ﾠanalysed	 ﾠat	 ﾠthe	 ﾠtailbud.	 ﾠ	 ﾠThere	 ﾠis	 ﾠno	 ﾠendogenous	 ﾠPlzfa	 ﾠprotein	 ﾠin	 ﾠthis	 ﾠlocation	 ﾠin	 ﾠ
the	 ﾠcontrol	 ﾠinjected	 ﾠembryos	 ﾠ(r).	 ﾠ	 ﾠOverexpression	 ﾠof	 ﾠeither	 ﾠconstruct	 ﾠleads	 ﾠto	 ﾠnuclear	 ﾠ
Plzf	 ﾠexpression	 ﾠ(v	 ﾠ&	 ﾠz)	 ﾠbut	 ﾠonly	 ﾠthe	 ﾠMyc	 ﾠtag	 ﾠis	 ﾠdetectable	 ﾠby	 ﾠIHC	 ﾠ(w	 ﾠ&	 ﾠaa).	 ﾠ	 ﾠZoomed	 ﾠ
images	 ﾠof	 ﾠthe	 ﾠboxed	 ﾠregions	 ﾠare	 ﾠshown	 ﾠin	 ﾠt’,x’	 ﾠand	 ﾠab’.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
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The	 ﾠanalysis	 ﾠso	 ﾠfar	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠprotein	 ﾠis	 ﾠstable	 ﾠat	 ﾠ14	 ﾠhpf	 ﾠand	 ﾠ
therefore	 ﾠis	 ﾠa	 ﾠgood	 ﾠcandidate	 ﾠfor	 ﾠperforming	 ﾠChIP-ﾭ‐Seq.	 ﾠ	 ﾠI	 ﾠaimed	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠI	 ﾠ
could	 ﾠimmunoprecipitate	 ﾠthe	 ﾠtagged	 ﾠprotein	 ﾠfrom	 ﾠchromatin	 ﾠisolated	 ﾠfrom	 ﾠinjected	 ﾠ
embryos.	 ﾠ	 ﾠBefore	 ﾠdoing	 ﾠthis,	 ﾠI	 ﾠhad	 ﾠto	 ﾠoptimise	 ﾠthe	 ﾠsonication	 ﾠconditions	 ﾠrequired	 ﾠfor	 ﾠ
fragmenting	 ﾠDNA	 ﾠto	 ﾠa	 ﾠrange	 ﾠsuitable	 ﾠfor	 ﾠChIP-ﾭ‐Seq	 ﾠ(0-ﾭ‐400	 ﾠbp).	 ﾠ	 ﾠI	 ﾠsonicated	 ﾠthe	 ﾠ
isolated	 ﾠchromatin	 ﾠfrom	 ﾠinjected	 ﾠembryos	 ﾠat	 ﾠ14	 ﾠhpf	 ﾠfor	 ﾠincreasingly	 ﾠlong	 ﾠtimes	 ﾠ
(Figure	 ﾠ3-ﾭ‐5a).	 ﾠ	 ﾠI	 ﾠfound	 ﾠthat	 ﾠI	 ﾠcould	 ﾠobtain	 ﾠideal	 ﾠconditions	 ﾠwhen	 ﾠsonication	 ﾠwas	 ﾠ
performed	 ﾠfor	 ﾠ40	 ﾠminutes	 ﾠtotal,	 ﾠand	 ﾠthat	 ﾠI	 ﾠcould	 ﾠreliably	 ﾠreproduce	 ﾠthis	 ﾠresult	 ﾠwith	 ﾠ
multiple	 ﾠbiological	 ﾠreplicates	 ﾠ(Figure	 ﾠ3-ﾭ‐5b).	 ﾠ	 ﾠThis	 ﾠreproducibility	 ﾠis	 ﾠimportant	 ﾠ
because,	 ﾠin	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠthe	 ﾠrequired	 ﾠamount	 ﾠof	 ﾠstarting	 ﾠmaterial	 ﾠfor	 ﾠChIP-ﾭ‐Seq,	 ﾠ
chromatin	 ﾠwas	 ﾠpooled	 ﾠfrom	 ﾠmultiple	 ﾠinjections	 ﾠperformed	 ﾠon	 ﾠdifferent	 ﾠdays.	 ﾠ	 ﾠ	 ﾠ
With	 ﾠthe	 ﾠconditions	 ﾠoptimised,	 ﾠI	 ﾠcarried	 ﾠout	 ﾠChIP	 ﾠusing	 ﾠthe	 ﾠChIP-ﾭ‐grade	 ﾠ
antibody	 ﾠagainst	 ﾠthe	 ﾠMyc	 ﾠepitope	 ﾠused	 ﾠpreviously	 ﾠin	 ﾠzebrafish	 ﾠ(Xu	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠStill	 ﾠ
lacking	 ﾠpositive	 ﾠregions	 ﾠthat	 ﾠPlzf	 ﾠbinds	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠgenome,	 ﾠI	 ﾠinstead	 ﾠturned	 ﾠ
to	 ﾠusing	 ﾠChIP	 ﾠfollowed	 ﾠby	 ﾠa	 ﾠWestern	 ﾠBlot	 ﾠin	 ﾠorder	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠantibody	 ﾠcan	 ﾠpull	 ﾠ
down	 ﾠPlzfa-ﾭ‐Myc.	 ﾠ	 ﾠAfter	 ﾠperforming	 ﾠChIP,	 ﾠI	 ﾠextracted	 ﾠthe	 ﾠprotein	 ﾠand	 ﾠused	 ﾠa	 ﾠsecond	 ﾠ
anti-ﾭ‐Myc	 ﾠantibody	 ﾠin	 ﾠorder	 ﾠto	 ﾠsee	 ﾠwhether	 ﾠI	 ﾠcould	 ﾠdetect	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠ
appropriately	 ﾠsize	 ﾠPlzfa-ﾭ‐Myc	 ﾠprotein	 ﾠ(86.6	 ﾠkDa).	 ﾠ	 ﾠFigure	 ﾠ3-ﾭ‐5c	 ﾠshows	 ﾠthat	 ﾠPlzfa-ﾭ‐Myc	 ﾠ
was	 ﾠevident	 ﾠwithin	 ﾠthe	 ﾠChIP	 ﾠsample	 ﾠthat	 ﾠhad	 ﾠbeen	 ﾠobtained	 ﾠfrom	 ﾠembryos	 ﾠinjected	 ﾠ
with	 ﾠRNA	 ﾠencoding	 ﾠthe	 ﾠconstruct,	 ﾠalthough	 ﾠat	 ﾠa	 ﾠslightly	 ﾠhigher	 ﾠmolecular	 ﾠweight	 ﾠthan	 ﾠ
found	 ﾠin	 ﾠthe	 ﾠinput	 ﾠlanes.	 ﾠ	 ﾠReassuringly,	 ﾠno	 ﾠMyc	 ﾠtag	 ﾠwas	 ﾠdetected	 ﾠwithin	 ﾠthe	 ﾠ
uninjected	 ﾠsamples	 ﾠand	 ﾠthe	 ﾠnuclear	 ﾠprotein	 ﾠHDAC1	 ﾠwas	 ﾠnot	 ﾠpresent	 ﾠwithin	 ﾠthe	 ﾠChIP	 ﾠ
sample.	 ﾠ
I	 ﾠused	 ﾠthe	 ﾠsame	 ﾠmethod	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠis	 ﾠsuitable	 ﾠfor	 ﾠ
ChIP.	 ﾠ	 ﾠI	 ﾠcarried	 ﾠout	 ﾠChIP	 ﾠwith	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠon	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠPlzfa-ﾭ‐Myc	 ﾠand	 ﾠ
used	 ﾠthe	 ﾠanti-ﾭ‐Myc	 ﾠantibody	 ﾠto	 ﾠdetect	 ﾠwhether	 ﾠthe	 ﾠprotein	 ﾠis	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠsample	 ﾠ
(Figure	 ﾠ3-ﾭ‐5d).	 ﾠ	 ﾠWhilst	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠobserve	 ﾠthe	 ﾠtagged	 ﾠprotein	 ﾠwithin	 ﾠthe	 ﾠlysate	 ﾠand	 ﾠ
chromatin	 ﾠinput,	 ﾠit	 ﾠwas	 ﾠnot	 ﾠdetected	 ﾠin	 ﾠthe	 ﾠChIP	 ﾠsample.	 ﾠ	 ﾠThis	 ﾠshows	 ﾠthat,	 ﾠunder	 ﾠthe	 ﾠ
conditions	 ﾠused	 ﾠwithin	 ﾠmy	 ﾠChIP-ﾭ‐Seq	 ﾠprotocol,	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠis	 ﾠnot	 ﾠsuitable	 ﾠfor	 ﾠChIP	 ﾠ
experiments.	 ﾠ	 ﾠ
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Figure	 ﾠ3-ﾭ‐5:	 ﾠPlzfa-ﾭ‐Myc	 ﾠsuitability	 ﾠfor	 ﾠChIP	 ﾠin	 ﾠzebrafish	 ﾠ
a:	 ﾠ	 ﾠOptimising	 ﾠsonication	 ﾠconditions	 ﾠfor	 ﾠChIP-ﾭ‐Seq.	 ﾠ	 ﾠPools	 ﾠof	 ﾠ100	 ﾠ12	 ﾠhpf	 ﾠinjected	 ﾠ
embryos	 ﾠwere	 ﾠsonicated	 ﾠfor	 ﾠdifferent	 ﾠlengths	 ﾠof	 ﾠtime	 ﾠ(0	 ﾠ–	 ﾠ40	 ﾠminutes)	 ﾠas	 ﾠspecified.	 ﾠ	 ﾠ
After	 ﾠsonication,	 ﾠthe	 ﾠDNA	 ﾠwas	 ﾠreverse	 ﾠcross	 ﾠlinked	 ﾠand	 ﾠpurified.	 ﾠThe	 ﾠrange	 ﾠof	 ﾠDNA	 ﾠ
fragments	 ﾠbecomes	 ﾠmore	 ﾠcompact	 ﾠas	 ﾠsonication	 ﾠlength	 ﾠincreased	 ﾠand	 ﾠ40	 ﾠminutes	 ﾠ
sonication	 ﾠtime	 ﾠwas	 ﾠideal	 ﾠfor	 ﾠChIP-ﾭ‐Seq	 ﾠexperiments	 ﾠ(0-ﾭ‐400	 ﾠbp).	 ﾠ
b:	 ﾠOptimal	 ﾠsonication	 ﾠconditions	 ﾠare	 ﾠhighly	 ﾠreproducible.	 ﾠ	 ﾠEach	 ﾠsample	 ﾠis	 ﾠa	 ﾠdifferent	 ﾠ
biological	 ﾠreplicate	 ﾠsonicated	 ﾠfor	 ﾠeither	 ﾠ30	 ﾠor	 ﾠ40	 ﾠminutes	 ﾠas	 ﾠindicated.	 ﾠ	 ﾠFor	 ﾠboth	 ﾠgels,	 ﾠ
1	 ﾠμg	 ﾠof	 ﾠDNA	 ﾠwas	 ﾠrun	 ﾠon	 ﾠa	 ﾠ1.5%	 ﾠagarose	 ﾠgel.	 ﾠ
c:	 ﾠ	 ﾠPlzfa-ﾭ‐Myc	 ﾠis	 ﾠdetectable	 ﾠin	 ﾠa	 ﾠWestern	 ﾠBlot	 ﾠafter	 ﾠChIP	 ﾠusing	 ﾠa	 ﾠMyc	 ﾠantibody.	 ﾠ	 ﾠTotal	 ﾠ
protein	 ﾠwas	 ﾠextracted	 ﾠfrom	 ﾠsamples	 ﾠthat	 ﾠhad	 ﾠgone	 ﾠthrough	 ﾠthe	 ﾠIP	 ﾠprocess	 ﾠbut	 ﾠ
contained	 ﾠno	 ﾠchromatin	 ﾠ(‘beads’,	 ﾠ20	 ﾠμl),	 ﾠwhole	 ﾠembryo	 ﾠlysates	 ﾠ(30	 ﾠμg),	 ﾠisolated	 ﾠ
chromatin	 ﾠtaken	 ﾠbefore	 ﾠthe	 ﾠIP	 ﾠ(‘chromatin	 ﾠinput’,	 ﾠ30	 ﾠμg)	 ﾠor	 ﾠthe	 ﾠtotal	 ﾠChIP	 ﾠsample	 ﾠ(α-ﾭ‐
myc	 ﾠChIP,	 ﾠ20	 ﾠμl).	 ﾠ	 ﾠSamples	 ﾠin	 ﾠblack	 ﾠwere	 ﾠobtained	 ﾠfrom	 ﾠuninjected	 ﾠembryos	 ﾠand	 ﾠ
samples	 ﾠin	 ﾠred	 ﾠwere	 ﾠobtained	 ﾠfrom	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠ50	 ﾠpg	 ﾠplzfa-ﾭ‐myc	 ﾠRNA.	 ﾠ	 ﾠThe	 ﾠ
immunoblot	 ﾠ(IB)	 ﾠagainst	 ﾠHDAC1	 ﾠis	 ﾠshown	 ﾠas	 ﾠa	 ﾠcontrol	 ﾠfor	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠa	 ﾠnuclear	 ﾠ
protein	 ﾠwithin	 ﾠthe	 ﾠembryo	 ﾠlysates	 ﾠand	 ﾠchromatin	 ﾠinput,	 ﾠbut	 ﾠnot	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠChIP	 ﾠ
sample.	 ﾠ	 ﾠFor	 ﾠan	 ﾠunknown	 ﾠreason,	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠprotein	 ﾠappears	 ﾠslightly	 ﾠ
higher	 ﾠwithin	 ﾠthe	 ﾠChIP	 ﾠsample	 ﾠcompared	 ﾠto	 ﾠsame	 ﾠprotein	 ﾠin	 ﾠthe	 ﾠlysate	 ﾠand	 ﾠchromatin	 ﾠ
input.	 ﾠ	 ﾠ	 ﾠ
d:	 ﾠPlzfa-ﾭ‐Myc	 ﾠis	 ﾠundetectable	 ﾠin	 ﾠa	 ﾠWestern	 ﾠBlot	 ﾠafter	 ﾠChIP	 ﾠusing	 ﾠzfPlzf	 ﾠAb.	 ﾠ	 ﾠSamples	 ﾠ
were	 ﾠrun	 ﾠas	 ﾠabove,	 ﾠbut	 ﾠthe	 ﾠChIP	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠwith	 ﾠthe	 ﾠzfPlzf	 ﾠAb.	 ﾠ	 ﾠNo	 ﾠband	 ﾠis	 ﾠ
observed	 ﾠat	 ﾠthe	 ﾠexpected	 ﾠsize	 ﾠto	 ﾠindicate	 ﾠPlzfa-ﾭ‐Myc	 ﾠis	 ﾠdetected	 ﾠin	 ﾠthe	 ﾠChIP	 ﾠsample.	 ﾠ
	 ﾠ
Expected	 ﾠsize	 ﾠof	 ﾠPlzfa-ﾭ‐Myc	 ﾠis	 ﾠ86.6	 ﾠkDa,	 ﾠHDAC1	 ﾠis	 ﾠ56	 ﾠkDa	 ﾠand	 ﾠthe	 ﾠIgG	 ﾠheavy	 ﾠand	 ﾠlight	 ﾠ
chains	 ﾠare	 ﾠ55	 ﾠand	 ﾠ25	 ﾠkDa	 ﾠrespectively.	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	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Testing	 ﾠfunctionality	 ﾠof	 ﾠPlzfa-ﾭ‐Myc	 ﾠ
Finally,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠconstruct	 ﾠwas	 ﾠfunctional.	 ﾠ	 ﾠ
Previous	 ﾠoverexpression	 ﾠexperiments	 ﾠwith	 ﾠPlzfa	 ﾠin	 ﾠzebrafish	 ﾠhad	 ﾠshown	 ﾠa	 ﾠneurogenic	 ﾠ
phenotype	 ﾠwhereby	 ﾠthere	 ﾠis	 ﾠa	 ﾠdecreased	 ﾠnumber	 ﾠof	 ﾠneurog1	 ﾠand	 ﾠislet1	 ﾠpositive	 ﾠcells	 ﾠ
in	 ﾠmyc-ﾭ‐plzfa	 ﾠRNA	 ﾠinjected	 ﾠembryos	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠand	 ﾠa	 ﾠsimilar	 ﾠ
phenotype	 ﾠhas	 ﾠbeen	 ﾠdescribed	 ﾠin	 ﾠchicken	 ﾠembryos	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠI	 ﾠplanned	 ﾠto	 ﾠ
repeat	 ﾠthese	 ﾠexperiments	 ﾠin	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠoverexpression	 ﾠof	 ﾠthe	 ﾠ
Plzfa-ﾭ‐Myc	 ﾠconstruct	 ﾠwould	 ﾠresult	 ﾠin	 ﾠa	 ﾠsimilar	 ﾠphenotype.	 ﾠ	 ﾠI	 ﾠaimed	 ﾠto	 ﾠuse	 ﾠthe	 ﾠ
previously	 ﾠpublished	 ﾠHA-ﾭ‐Plzfa	 ﾠconstruct	 ﾠas	 ﾠa	 ﾠpositive	 ﾠcontrol	 ﾠfor	 ﾠthe	 ﾠphenotype.	 ﾠ
I	 ﾠinjected	 ﾠRNA	 ﾠcoding	 ﾠeither	 ﾠthe	 ﾠHA-ﾭ‐Plzfa	 ﾠor	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠprotein	 ﾠinto	 ﾠ1	 ﾠcell	 ﾠ
at	 ﾠthe	 ﾠ2-ﾭ‐cell	 ﾠstage	 ﾠzebrafish	 ﾠembryo	 ﾠalong	 ﾠwith	 ﾠa	 ﾠtracer	 ﾠto	 ﾠfollow	 ﾠthe	 ﾠRNA	 ﾠexpression	 ﾠ
(Figure	 ﾠ3-ﾭ‐6a).	 ﾠ	 ﾠThis	 ﾠwas	 ﾠa	 ﾠsimilar	 ﾠexperiment	 ﾠas	 ﾠto	 ﾠthat	 ﾠdescribed	 ﾠpreviously	 ﾠ
(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠexcept	 ﾠthat	 ﾠin	 ﾠthe	 ﾠpublished	 ﾠwork	 ﾠlacZ	 ﾠRNA	 ﾠwas	 ﾠused	 ﾠas	 ﾠthe	 ﾠ
tracer,	 ﾠwhilst	 ﾠI	 ﾠinjected	 ﾠRNA	 ﾠfor	 ﾠthe	 ﾠfluorescent	 ﾠprotein	 ﾠH2B-ﾭ‐Citrine.	 ﾠInjection	 ﾠof	 ﾠthe	 ﾠ
RNA	 ﾠencoding	 ﾠeither	 ﾠconstruct	 ﾠdidn’t	 ﾠlead	 ﾠto	 ﾠthe	 ﾠexpected	 ﾠdecrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠ
of	 ﾠislet1	 ﾠexpressing	 ﾠcells	 ﾠ(Figure	 ﾠ3-ﾭ‐6e-ﾭ‐j).	 ﾠ
The	 ﾠfact	 ﾠthat	 ﾠneither	 ﾠthe	 ﾠHA-ﾭ‐Plzfa	 ﾠnor	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠconstructs	 ﾠwere	 ﾠable	 ﾠto	 ﾠ
give	 ﾠa	 ﾠphenotype	 ﾠsimilar	 ﾠto	 ﾠthat	 ﾠdescribed	 ﾠwas	 ﾠunexpected.	 ﾠ	 ﾠOne	 ﾠpossible	 ﾠ
explanation	 ﾠfor	 ﾠthis	 ﾠresult	 ﾠis	 ﾠthat	 ﾠboth	 ﾠconstructs	 ﾠare	 ﾠfunctionally	 ﾠinactive	 ﾠwithin	 ﾠthe	 ﾠ
zebrafish	 ﾠembryo.	 ﾠ	 ﾠIt	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠposition	 ﾠof	 ﾠthe	 ﾠMyc	 ﾠtag	 ﾠat	 ﾠthe	 ﾠC-ﾭ‐terminus,	 ﾠ
close	 ﾠto	 ﾠthe	 ﾠzinc	 ﾠfingers	 ﾠof	 ﾠPlzf,	 ﾠmay	 ﾠinterfere	 ﾠwith	 ﾠits	 ﾠDNA	 ﾠbinding,	 ﾠwhilst	 ﾠthe	 ﾠHA	 ﾠtag	 ﾠ
at	 ﾠthe	 ﾠN-ﾭ‐terminus	 ﾠis	 ﾠclose	 ﾠto	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠand	 ﾠtherefore	 ﾠmay	 ﾠinterfere	 ﾠwith	 ﾠthe	 ﾠ
activity	 ﾠof	 ﾠPlzf.	 ﾠ	 ﾠThere	 ﾠare	 ﾠalso	 ﾠtechnical	 ﾠconsiderations	 ﾠthat	 ﾠmay	 ﾠbe	 ﾠaffecting	 ﾠthe	 ﾠ
result,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠthe	 ﾠmethod	 ﾠof	 ﾠdetection	 ﾠdescribed	 ﾠabove	 ﾠand	 ﾠthe	 ﾠ
amount	 ﾠof	 ﾠRNA	 ﾠinjected.	 ﾠ
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Figure	 ﾠ3-ﾭ‐6:	 ﾠTesting	 ﾠfunctionality	 ﾠof	 ﾠconstructs	 ﾠ
a:	 ﾠ1	 ﾠcell	 ﾠof	 ﾠa	 ﾠ2-ﾭ‐cell	 ﾠstage	 ﾠembryo	 ﾠwas	 ﾠinjected	 ﾠwith	 ﾠRNA	 ﾠencoding	 ﾠeither	 ﾠHA-ﾭ‐Plzfa	 ﾠor	 ﾠ
Plzfa-ﾭ‐Myc.	 ﾠ	 ﾠH2B-ﾭ‐Citrine	 ﾠRNA	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠtracer	 ﾠto	 ﾠfollow	 ﾠthe	 ﾠside	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠ
that	 ﾠcontains	 ﾠthe	 ﾠconstruct.	 ﾠ	 ﾠEmbryos	 ﾠwere	 ﾠdeveloped	 ﾠuntil	 ﾠ14	 ﾠhpf	 ﾠwhen	 ﾠthey	 ﾠwere	 ﾠ
analysed	 ﾠby	 ﾠISH	 ﾠfor	 ﾠislet1	 ﾠexpression.	 ﾠ
b-ﾭ‐j:	 ﾠ14	 ﾠhpf	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠeither	 ﾠconstruct	 ﾠdidn’t	 ﾠdisplay	 ﾠan	 ﾠoverexpression	 ﾠ
phenotype.	 ﾠ	 ﾠControl	 ﾠembryos	 ﾠ(b-ﾭ‐d)	 ﾠwere	 ﾠinjected	 ﾠwith	 ﾠH2B-ﾭ‐Citrine	 ﾠalone	 ﾠand	 ﾠthe	 ﾠ
injected	 ﾠside	 ﾠdidn’t	 ﾠshow	 ﾠany	 ﾠchanges	 ﾠin	 ﾠislet1	 ﾠexpression	 ﾠ(0/10).	 ﾠ	 ﾠLikewise,	 ﾠthe	 ﾠPlzfa-ﾭ‐
Myc	 ﾠand	 ﾠHA-ﾭ‐Plzfa	 ﾠRNA	 ﾠinjected	 ﾠembryos	 ﾠdid	 ﾠnot	 ﾠshow	 ﾠany	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
islet1	 ﾠcells	 ﾠ(0/23	 ﾠand	 ﾠ0/24	 ﾠrespectively)	 ﾠwhen	 ﾠcomparing	 ﾠthe	 ﾠinjected	 ﾠside	 ﾠof	 ﾠthe	 ﾠ
embryo	 ﾠto	 ﾠthe	 ﾠuninjected	 ﾠside.	 ﾠ	 ﾠThe	 ﾠdashed	 ﾠred	 ﾠline	 ﾠshows	 ﾠthe	 ﾠrough	 ﾠoutline	 ﾠof	 ﾠeach	 ﾠ
embryo.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ





	 ﾠ 	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
	 ﾠ 97	 ﾠ 	 ﾠ
In	 ﾠthe	 ﾠinterest	 ﾠof	 ﾠbeing	 ﾠable	 ﾠto	 ﾠobtain	 ﾠa	 ﾠlist	 ﾠof	 ﾠtranscriptional	 ﾠtargets	 ﾠfor	 ﾠPlzf	 ﾠ
within	 ﾠthe	 ﾠtimescale	 ﾠof	 ﾠmy	 ﾠPhD	 ﾠproject,	 ﾠI	 ﾠmade	 ﾠthe	 ﾠdecision	 ﾠto	 ﾠgo	 ﾠahead	 ﾠand	 ﾠcarry	 ﾠ
out	 ﾠChIP-ﾭ‐Seq	 ﾠusing	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠinjection	 ﾠexperimental	 ﾠparadigm	 ﾠdespite	 ﾠthe	 ﾠlack	 ﾠof	 ﾠ
evidence	 ﾠthat	 ﾠthis	 ﾠconstruct	 ﾠis	 ﾠfunctional	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠWhilst	 ﾠwaiting	 ﾠfor	 ﾠresults	 ﾠfrom	 ﾠthe	 ﾠ
sequencing,	 ﾠI	 ﾠcontinued	 ﾠthese	 ﾠfunctional	 ﾠexperiments	 ﾠas	 ﾠdescribed	 ﾠlater.	 ﾠ	 ﾠ
3.3  ChIP-ﾭ‐Seq	 ﾠusing	 ﾠPlzfa-ﾭ‐Myc	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠenough	 ﾠstarting	 ﾠmaterial	 ﾠfor	 ﾠIllumina	 ﾠsequencing	 ﾠI	 ﾠ
injected	 ﾠand	 ﾠextracted	 ﾠchromatin	 ﾠfrom	 ﾠ1200	 ﾠembryos,	 ﾠproducing	 ﾠaround	 ﾠ85	 ﾠμg	 ﾠof	 ﾠ
total	 ﾠDNA.	 ﾠ	 ﾠ1%	 ﾠof	 ﾠthe	 ﾠchromatin	 ﾠwas	 ﾠtaken	 ﾠas	 ﾠthe	 ﾠinput	 ﾠsample.	 ﾠ	 ﾠThe	 ﾠremaining	 ﾠ
material	 ﾠwas	 ﾠsplit	 ﾠinto	 ﾠ7	 ﾠIP	 ﾠexperiments	 ﾠusing	 ﾠthe	 ﾠMyc	 ﾠantibody	 ﾠand	 ﾠthe	 ﾠresulting	 ﾠ
purified	 ﾠDNA	 ﾠwas	 ﾠpooled	 ﾠtogether	 ﾠin	 ﾠ35	 ﾠμl.	 ﾠ	 ﾠThe	 ﾠfinal	 ﾠconcentration	 ﾠof	 ﾠDNA	 ﾠafter	 ﾠ
ChIP	 ﾠwas	 ﾠ354	 ﾠpg/	 ﾠμl	 ﾠand	 ﾠa	 ﾠtotal	 ﾠof	 ﾠ10	 ﾠng	 ﾠDNA	 ﾠfrom	 ﾠthe	 ﾠChIP	 ﾠsample	 ﾠand	 ﾠfrom	 ﾠthe	 ﾠ
input	 ﾠsample	 ﾠwas	 ﾠtaken	 ﾠforward	 ﾠfor	 ﾠlibrary	 ﾠpreparation	 ﾠby	 ﾠthe	 ﾠNIMR	 ﾠHTS	 ﾠfacility.	 ﾠ	 ﾠ
The	 ﾠsamples	 ﾠwere	 ﾠrun	 ﾠon	 ﾠthe	 ﾠIllumina	 ﾠHiSeq	 ﾠ2000	 ﾠplatform.	 ﾠ
Sequencing	 ﾠof	 ﾠthe	 ﾠChIP	 ﾠproduct	 ﾠgenerated	 ﾠ3.3	 ﾠx	 ﾠ10
7	 ﾠsequences	 ﾠand	 ﾠthe	 ﾠinput	 ﾠ
produced	 ﾠ1.5	 ﾠx	 ﾠ10
7	 ﾠsequences.	 ﾠ	 ﾠThese	 ﾠ40	 ﾠbp	 ﾠsequences	 ﾠwere	 ﾠfound	 ﾠto	 ﾠbe	 ﾠhigh	 ﾠquality	 ﾠ
(Figure	 ﾠ3-ﾭ‐7a)	 ﾠand	 ﾠwere	 ﾠmapped	 ﾠto	 ﾠzebrafish	 ﾠgenome	 ﾠassembly	 ﾠ(Zv9).	 ﾠ	 ﾠThe	 ﾠnext	 ﾠstep	 ﾠ
in	 ﾠthe	 ﾠanalysis	 ﾠis	 ﾠto	 ﾠuse	 ﾠpeak	 ﾠcalling	 ﾠsoftware	 ﾠto	 ﾠidentify	 ﾠregions	 ﾠof	 ﾠChIP	 ﾠenrichment,	 ﾠ
demonstrated	 ﾠin	 ﾠFigure	 ﾠ3-ﾭ‐7b.	 ﾠ	 ﾠI	 ﾠused	 ﾠmodel-ﾭ‐based	 ﾠanalysis	 ﾠof	 ﾠChIP-ﾭ‐Seq	 ﾠ(Zhang	 ﾠet	 ﾠal.,	 ﾠ
2008b)	 ﾠon	 ﾠmy	 ﾠdata	 ﾠbut	 ﾠthe	 ﾠanalysis	 ﾠfailed,	 ﾠas	 ﾠit	 ﾠwas	 ﾠunable	 ﾠto	 ﾠfind	 ﾠthe	 ﾠminimum	 ﾠ
number	 ﾠof	 ﾠpair	 ﾠpeaks	 ﾠin	 ﾠorder	 ﾠto	 ﾠbuild	 ﾠthe	 ﾠmodel.	 ﾠ	 ﾠI	 ﾠadjusted	 ﾠthe	 ﾠavailable	 ﾠ
parameters	 ﾠbut	 ﾠwas	 ﾠstill	 ﾠunable	 ﾠto	 ﾠsuccessfully	 ﾠcall	 ﾠpeaks	 ﾠfrom	 ﾠthe	 ﾠobtained	 ﾠ
sequencing	 ﾠdata.	 ﾠ	 ﾠThis	 ﾠis	 ﾠdescribed	 ﾠin	 ﾠmore	 ﾠdetail	 ﾠin	 ﾠthe	 ﾠDiscussion	 ﾠsection	 ﾠbelow.	 ﾠ
I	 ﾠturned	 ﾠto	 ﾠvisualising	 ﾠthe	 ﾠmapped	 ﾠreads	 ﾠfrom	 ﾠboth	 ﾠthe	 ﾠChIP	 ﾠand	 ﾠinput	 ﾠ
sample	 ﾠon	 ﾠa	 ﾠgenome	 ﾠbrowser	 ﾠin	 ﾠorder	 ﾠto	 ﾠgain	 ﾠan	 ﾠimpression	 ﾠof	 ﾠany	 ﾠregions	 ﾠof	 ﾠ
enrichment.	 ﾠ	 ﾠScanning	 ﾠthrough	 ﾠthe	 ﾠgenome	 ﾠmanually	 ﾠfailed	 ﾠto	 ﾠidentify	 ﾠany	 ﾠevidence	 ﾠ
of	 ﾠpeaks.	 ﾠ	 ﾠI	 ﾠselected	 ﾠsome	 ﾠcandidate	 ﾠregions	 ﾠwhere	 ﾠPlzf	 ﾠis	 ﾠknown	 ﾠto	 ﾠbind	 ﾠin	 ﾠother	 ﾠ
genomes	 ﾠand	 ﾠsaw	 ﾠno	 ﾠobvious	 ﾠenrichment	 ﾠwithin	 ﾠthe	 ﾠChIP	 ﾠdataset	 ﾠ(Figure	 ﾠ3-ﾭ‐7c).	 ﾠ	 ﾠ
From	 ﾠmy	 ﾠanalysis,	 ﾠI	 ﾠconclude	 ﾠthat	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠfailed	 ﾠto	 ﾠidentify	 ﾠany	 ﾠ
regions	 ﾠthat	 ﾠPlzf	 ﾠbinds	 ﾠto	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ
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Figure	 ﾠ3-ﾭ‐7:	 ﾠChIP-ﾭ‐Seq	 ﾠresults	 ﾠfor	 ﾠPlzfa-ﾭ‐Myc	 ﾠ
a:	 ﾠPer	 ﾠbase	 ﾠsequence	 ﾠquality	 ﾠboxplot	 ﾠgenerated	 ﾠby	 ﾠFastQC	 ﾠutility.	 ﾠ	 ﾠThe	 ﾠyellow	 ﾠ
boxplots	 ﾠshow	 ﾠbase-ﾭ‐calling	 ﾠquality	 ﾠscores	 ﾠ(0-ﾭ‐40)	 ﾠacross	 ﾠall	 ﾠsequencing	 ﾠreads	 ﾠfrom	 ﾠthe	 ﾠ
ChIP	 ﾠsample.	 ﾠ	 ﾠRed	 ﾠline:	 ﾠmedian,	 ﾠbox:	 ﾠinterquartile	 ﾠranges	 ﾠ25	 ﾠ–	 ﾠ75%	 ﾠand	 ﾠwhisker:	 ﾠ10	 ﾠ–	 ﾠ
90%	 ﾠpercentile.	 ﾠ	 ﾠSequencing	 ﾠquality	 ﾠdecreases	 ﾠas	 ﾠposition	 ﾠincreases,	 ﾠalthough	 ﾠoverall	 ﾠ
the	 ﾠquality	 ﾠis	 ﾠvery	 ﾠgood,	 ﾠwith	 ﾠa	 ﾠscore	 ﾠ>	 ﾠ30	 ﾠmeaning	 ﾠ99.9%	 ﾠconfidence	 ﾠthat	 ﾠthe	 ﾠbase	 ﾠis	 ﾠ
called	 ﾠcorrectly.	 ﾠ
b:	 ﾠCartoon	 ﾠshowing	 ﾠa	 ﾠsimplified	 ﾠdemonstration	 ﾠof	 ﾠpeak	 ﾠcalling.	 ﾠ	 ﾠA	 ﾠDNA-ﾭ‐binding	 ﾠ
protein	 ﾠis	 ﾠshown	 ﾠto	 ﾠbe	 ﾠinteracting	 ﾠat	 ﾠa	 ﾠparticular	 ﾠlocation	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠ
Sequencing	 ﾠresults	 ﾠin	 ﾠa	 ﾠmany	 ﾠshort	 ﾠforward	 ﾠ(red)	 ﾠand	 ﾠreverse	 ﾠ(blue)	 ﾠtags	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠ
aligned	 ﾠ(1)	 ﾠto	 ﾠa	 ﾠreference	 ﾠgenome.	 ﾠ	 ﾠUsing	 ﾠthe	 ﾠMACS	 ﾠsoftware	 ﾠto	 ﾠcall	 ﾠpeaks	 ﾠ(2),	 ﾠthis	 ﾠ
initially	 ﾠdetermines	 ﾠthe	 ﾠenrichment	 ﾠpattern	 ﾠof	 ﾠthe	 ﾠforward	 ﾠand	 ﾠreverse	 ﾠreads	 ﾠat	 ﾠ
locations	 ﾠwithin	 ﾠthe	 ﾠgenome	 ﾠbeing	 ﾠmapped.	 ﾠ	 ﾠMACS	 ﾠthen	 ﾠuses	 ﾠthis	 ﾠinformation	 ﾠto	 ﾠ
translate	 ﾠthe	 ﾠenrichment	 ﾠof	 ﾠreads	 ﾠinto	 ﾠa	 ﾠ“peak”	 ﾠ(3)	 ﾠand	 ﾠpredict	 ﾠbinding	 ﾠsites	 ﾠof	 ﾠthe	 ﾠ
protein	 ﾠof	 ﾠinterest.	 ﾠ	 ﾠ	 ﾠ
c:	 ﾠImages	 ﾠtaken	 ﾠfrom	 ﾠthe	 ﾠIGV	 ﾠgenome	 ﾠbrowser	 ﾠshowing	 ﾠChIP	 ﾠand	 ﾠInput	 ﾠreads	 ﾠ
mapped	 ﾠto	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠat	 ﾠhoxd11a.	 ﾠ40	 ﾠbp	 ﾠforward	 ﾠreads	 ﾠare	 ﾠshown	 ﾠin	 ﾠred	 ﾠ
and	 ﾠreverse	 ﾠreads	 ﾠin	 ﾠblue.	 ﾠ	 ﾠRegion	 ﾠboxed	 ﾠindicates	 ﾠpotential	 ﾠPlzf	 ﾠbinding	 ﾠsite	 ﾠshown	 ﾠ
previously	 ﾠin	 ﾠFigure	 ﾠ3-ﾭ‐3b.	 ﾠ	 ﾠNo	 ﾠenrichment	 ﾠof	 ﾠforward	 ﾠand	 ﾠreverse	 ﾠreads	 ﾠthat	 ﾠwould	 ﾠ
be	 ﾠindicative	 ﾠof	 ﾠa	 ﾠpeak	 ﾠis	 ﾠobserved	 ﾠat	 ﾠthis	 ﾠlocation	 ﾠin	 ﾠthe	 ﾠChIP	 ﾠsample.	 ﾠ	 ﾠScanning	 ﾠ
through	 ﾠother	 ﾠregions	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠdid	 ﾠnot	 ﾠreveal	 ﾠany	 ﾠenrichment.	 ﾠ
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3.4  Troubleshooting	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠ
I	 ﾠaimed	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠreason	 ﾠwhy	 ﾠI	 ﾠdidn’t	 ﾠobtain	 ﾠany	 ﾠPlzf	 ﾠbinding	 ﾠregions	 ﾠ
from	 ﾠmy	 ﾠdata.	 ﾠ	 ﾠAs	 ﾠdescribed,	 ﾠI	 ﾠwas	 ﾠwithout	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠconstruct	 ﾠ
was	 ﾠfunctional	 ﾠin	 ﾠvivo.	 ﾠ	 ﾠThis	 ﾠcould	 ﾠmean	 ﾠthat	 ﾠthis	 ﾠprotein	 ﾠis	 ﾠunable	 ﾠto	 ﾠbind	 ﾠthe	 ﾠPlzf	 ﾠ
target	 ﾠregions	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠand	 ﾠtherefore	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠlack	 ﾠ
of	 ﾠuseful	 ﾠdata	 ﾠacquired	 ﾠfrom	 ﾠthe	 ﾠsequencing.	 ﾠ	 ﾠAs	 ﾠpreviously	 ﾠdescribed,	 ﾠthe	 ﾠposition	 ﾠ
of	 ﾠthe	 ﾠtag	 ﾠmight	 ﾠinterfere	 ﾠwith	 ﾠthe	 ﾠability	 ﾠof	 ﾠthe	 ﾠconstructs	 ﾠto	 ﾠbind	 ﾠDNA.	 ﾠ	 ﾠThe	 ﾠ
previously	 ﾠpublished	 ﾠwork	 ﾠobtained	 ﾠthe	 ﾠphenotype	 ﾠusing	 ﾠan	 ﾠN-ﾭ‐terminal	 ﾠMyc	 ﾠtagged	 ﾠ
Plzfa	 ﾠ(Myc-ﾭ‐Plzfa)	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010),	 ﾠand	 ﾠI	 ﾠwanted	 ﾠto	 ﾠconfirm	 ﾠwhether	 ﾠthis	 ﾠ
protein	 ﾠis	 ﾠfunctional	 ﾠwhen	 ﾠRNA	 ﾠis	 ﾠinjected	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠembryos.	 ﾠ	 ﾠ
I	 ﾠcarried	 ﾠout	 ﾠa	 ﾠsimilar	 ﾠexperiment	 ﾠto	 ﾠthat	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ3-ﾭ‐6,	 ﾠinjecting	 ﾠMyc-ﾭ‐
Plzfa	 ﾠRNA	 ﾠsuch	 ﾠthat	 ﾠit	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠand	 ﾠanalysing	 ﾠat	 ﾠ14	 ﾠhpf.	 ﾠ	 ﾠ
I	 ﾠfound	 ﾠthat	 ﾠoverexpression	 ﾠof	 ﾠMyc-ﾭ‐Plzfa	 ﾠleads	 ﾠto	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠneurog1	 ﾠand	 ﾠislet1	 ﾠ
expressing	 ﾠcells	 ﾠ(Figure	 ﾠ3-ﾭ‐8a-ﾭ‐i).	 ﾠ	 ﾠThis	 ﾠphenotype	 ﾠis	 ﾠreminiscent	 ﾠto	 ﾠthe	 ﾠPlzfa	 ﾠ
overexpression	 ﾠphenotype	 ﾠdescribed	 ﾠpreviously	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠPrevious	 ﾠ
analysis	 ﾠshowed	 ﾠthat	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠHA	 ﾠtag	 ﾠof	 ﾠHA-ﾭ‐Plzfa	 ﾠwas	 ﾠundetectable	 ﾠby	 ﾠIHC	 ﾠat	 ﾠ
14	 ﾠhpf	 ﾠ(Figure	 ﾠ3-ﾭ‐4w)	 ﾠand	 ﾠtherefore	 ﾠI	 ﾠwanted	 ﾠto	 ﾠcheck	 ﾠwhether	 ﾠthis	 ﾠwas	 ﾠthe	 ﾠcase	 ﾠfor	 ﾠ
the	 ﾠN-ﾭ‐terminal	 ﾠMyc	 ﾠtag.	 ﾠ	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠreliably	 ﾠdetect	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠMyc	 ﾠtag	 ﾠat	 ﾠ
14	 ﾠhpf	 ﾠin	 ﾠthe	 ﾠinjected	 ﾠembryos	 ﾠ(Figure	 ﾠ3-ﾭ‐8j-ﾭ‐l).	 ﾠ	 ﾠOverall,	 ﾠthese	 ﾠresults	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠ
Myc-ﾭ‐Plzfa	 ﾠconstruct	 ﾠis	 ﾠstably	 ﾠexpressed	 ﾠand	 ﾠfunctional	 ﾠin	 ﾠvivo.	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 ﾠ3:	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Figure	 ﾠ3-ﾭ‐8:	 ﾠMyc-ﾭ‐Plzfa	 ﾠoverexpression	 ﾠcauses	 ﾠa	 ﾠneurogenic	 ﾠphenotype	 ﾠ	 ﾠ
a-ﾭ‐i:	 ﾠ1	 ﾠcell	 ﾠof	 ﾠa	 ﾠ2-ﾭ‐cell	 ﾠstage	 ﾠembryo	 ﾠwas	 ﾠinjected	 ﾠwith	 ﾠRNA	 ﾠencoding	 ﾠMyc-ﾭ‐Plzfa.	 ﾠ
Embryos	 ﾠwere	 ﾠdeveloped	 ﾠuntil	 ﾠ14	 ﾠhpf	 ﾠwhen	 ﾠthey	 ﾠwere	 ﾠanalysed	 ﾠby	 ﾠISH	 ﾠfor	 ﾠneurog1	 ﾠ
(a-ﾭ‐c)	 ﾠand	 ﾠislet1	 ﾠ(d-ﾭ‐f),	 ﾠor	 ﾠby	 ﾠIHC	 ﾠfor	 ﾠIslet1/2	 ﾠprotein	 ﾠexpression	 ﾠ(g-ﾭ‐i).	 ﾠ	 ﾠOverexpression	 ﾠ
of	 ﾠMyc-ﾭ‐Plzfa	 ﾠlead	 ﾠto	 ﾠa	 ﾠdown	 ﾠregulation	 ﾠof	 ﾠneurog1	 ﾠ(20/35	 ﾠembyros)	 ﾠand	 ﾠislet1	 ﾠ(41/53	 ﾠ
embryos)	 ﾠand	 ﾠIslet1/2	 ﾠprotein	 ﾠ(6/6	 ﾠembryos)	 ﾠin	 ﾠthe	 ﾠinjected	 ﾠside	 ﾠof	 ﾠthe	 ﾠembryo.	 ﾠ	 ﾠ	 ﾠ
Images	 ﾠshown	 ﾠin	 ﾠg-ﾭ‐i	 ﾠare	 ﾠmaximum	 ﾠprojections	 ﾠtaken	 ﾠfrom	 ﾠconfocal	 ﾠimages.	 ﾠ	 ﾠThe	 ﾠ
dashed	 ﾠred	 ﾠline	 ﾠshows	 ﾠthe	 ﾠrough	 ﾠoutline	 ﾠof	 ﾠeach	 ﾠembryo.	 ﾠ
j-ﾭ‐l:	 ﾠConfirmation	 ﾠthat	 ﾠthe	 ﾠMyc	 ﾠtag	 ﾠis	 ﾠdetectable	 ﾠat	 ﾠ14	 ﾠhpf.	 ﾠ	 ﾠConfocal	 ﾠimages	 ﾠshown	 ﾠ
are	 ﾠfrom	 ﾠan	 ﾠinjected	 ﾠembryo,	 ﾠshowing	 ﾠthat	 ﾠthe	 ﾠoverexpressed	 ﾠprotein	 ﾠis	 ﾠnuclear	 ﾠ(j)	 ﾠ
and	 ﾠis	 ﾠrecognisable	 ﾠby	 ﾠboth	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠ(k)	 ﾠand	 ﾠthe	 ﾠMyc	 ﾠantibody	 ﾠ(l).	 ﾠ	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
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Figure	 ﾠ3-ﾭ‐8	 ﾠ
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3.5  Discussion	 ﾠ
A	 ﾠsignificant	 ﾠamount	 ﾠof	 ﾠeffort	 ﾠwent	 ﾠinto	 ﾠdetermining	 ﾠthe	 ﾠideal	 ﾠparameters	 ﾠfor	 ﾠ
carrying	 ﾠout	 ﾠChIP-ﾭ‐Seq	 ﾠfor	 ﾠPlzf	 ﾠin	 ﾠzebrafish	 ﾠembryos	 ﾠbut	 ﾠoverall	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠ
generate	 ﾠa	 ﾠlist	 ﾠof	 ﾠtranscriptional	 ﾠtargets	 ﾠthat	 ﾠare	 ﾠbound	 ﾠby	 ﾠPlzf	 ﾠwithin	 ﾠthe	 ﾠtimescale	 ﾠ
of	 ﾠPhD	 ﾠproject.	 ﾠ
Difficulties	 ﾠworking	 ﾠwith	 ﾠendogenous	 ﾠPlzf	 ﾠ	 ﾠ
Due	 ﾠto	 ﾠmy	 ﾠinexperience	 ﾠwith	 ﾠthe	 ﾠChIP	 ﾠtechnique,	 ﾠI	 ﾠinitially	 ﾠaimed	 ﾠto	 ﾠtest	 ﾠthat	 ﾠI	 ﾠ
could	 ﾠperform	 ﾠthe	 ﾠexperiment	 ﾠusing	 ﾠa	 ﾠknown	 ﾠChIP-ﾭ‐grade	 ﾠantibody,	 ﾠH2A.Z,	 ﾠand	 ﾠ
known	 ﾠpositive	 ﾠand	 ﾠnegative	 ﾠcontrol	 ﾠregions.	 ﾠ	 ﾠSuccess	 ﾠwith	 ﾠthis	 ﾠexperiment	 ﾠmeant	 ﾠI	 ﾠ
was	 ﾠconfident	 ﾠin	 ﾠmy	 ﾠprotocol	 ﾠand	 ﾠI	 ﾠproceeded	 ﾠto	 ﾠperform	 ﾠthe	 ﾠsame	 ﾠtechnique	 ﾠusing	 ﾠ
the	 ﾠvarious	 ﾠPlzf	 ﾠantibodies	 ﾠdescribed.	 ﾠ	 ﾠThe	 ﾠabsence	 ﾠof	 ﾠpositive	 ﾠregions	 ﾠthat	 ﾠPlzf	 ﾠbinds	 ﾠ
to	 ﾠwithin	 ﾠthe	 ﾠgenome	 ﾠmeant	 ﾠthat	 ﾠevaluating	 ﾠthe	 ﾠantibodies	 ﾠfor	 ﾠChIP	 ﾠwas	 ﾠdifficult.	 ﾠ
I	 ﾠattempted	 ﾠto	 ﾠidentify	 ﾠconserved	 ﾠPlzf	 ﾠbinding	 ﾠsites	 ﾠbetween	 ﾠspecies	 ﾠby	 ﾠDNA	 ﾠ
sequence	 ﾠcomparison	 ﾠin	 ﾠorder	 ﾠto	 ﾠobtain	 ﾠtarget	 ﾠloci	 ﾠwhere	 ﾠPlzf	 ﾠis	 ﾠlikely	 ﾠto	 ﾠbind	 ﾠwithin	 ﾠ
the	 ﾠzebrafish	 ﾠgenome.	 ﾠ	 ﾠEvidence	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠtranscription	 ﾠfactor	 ﾠ
binding	 ﾠevents	 ﾠare	 ﾠspecies-ﾭ‐specific	 ﾠdespite	 ﾠconservation	 ﾠof	 ﾠgene	 ﾠfunction	 ﾠ(Schmidt	 ﾠet	 ﾠ
al.,	 ﾠ2010,	 ﾠOdom	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠAnalysis	 ﾠby	 ﾠChIP-ﾭ‐PCR	 ﾠdid	 ﾠnot	 ﾠreveal	 ﾠany	 ﾠenrichment	 ﾠat	 ﾠ
the	 ﾠchosen	 ﾠloci	 ﾠwhen	 ﾠusing	 ﾠany	 ﾠof	 ﾠthe	 ﾠPlzf	 ﾠantibodies.	 ﾠ	 ﾠThe	 ﾠlack	 ﾠof	 ﾠenrichment	 ﾠcould	 ﾠ
be	 ﾠdue	 ﾠto	 ﾠthe	 ﾠantibodies	 ﾠnot	 ﾠfunctioning	 ﾠin	 ﾠChIP,	 ﾠor	 ﾠalternatively	 ﾠit	 ﾠcould	 ﾠbe	 ﾠthat	 ﾠPlzf	 ﾠ
does	 ﾠnot	 ﾠbind	 ﾠthe	 ﾠloci	 ﾠselected	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ
Lessons	 ﾠlearnt	 ﾠfrom	 ﾠepitope	 ﾠtagging	 ﾠ	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠcircumvent	 ﾠthe	 ﾠpossibility	 ﾠthat	 ﾠthe	 ﾠantibody	 ﾠisn’t	 ﾠworking,	 ﾠI	 ﾠchose	 ﾠ
to	 ﾠevaluate	 ﾠthe	 ﾠuse	 ﾠof	 ﾠepitope	 ﾠtagged	 ﾠform	 ﾠof	 ﾠPlzf	 ﾠand	 ﾠmake	 ﾠuse	 ﾠof	 ﾠantibodies	 ﾠknown	 ﾠ
to	 ﾠwork	 ﾠin	 ﾠChIP.	 ﾠ	 ﾠA	 ﾠseries	 ﾠof	 ﾠexperiments	 ﾠwere	 ﾠcarried	 ﾠout	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠ
various	 ﾠtagged	 ﾠconstructs	 ﾠwere	 ﾠdetectable	 ﾠat	 ﾠan	 ﾠappropriate	 ﾠstage	 ﾠin	 ﾠzebrafish	 ﾠ
development,	 ﾠcould	 ﾠbe	 ﾠdetected	 ﾠby	 ﾠChIP	 ﾠand	 ﾠwhether	 ﾠthey	 ﾠwere	 ﾠfunctional.	 ﾠ	 ﾠFrom	 ﾠ
these	 ﾠexperiments,	 ﾠit	 ﾠwas	 ﾠfound	 ﾠthat	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠtagged	 ﾠPlzfa-ﾭ‐Myc	 ﾠprotein	 ﾠwas	 ﾠ
stably	 ﾠexpressed	 ﾠand	 ﾠcould	 ﾠbe	 ﾠdetected	 ﾠafter	 ﾠChIP	 ﾠexperiments,	 ﾠbut	 ﾠoverexpression	 ﾠ
studies	 ﾠsuggested	 ﾠthat	 ﾠit	 ﾠwasn’t	 ﾠfunctional.	 ﾠ	 ﾠNevertheless,	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠthis	 ﾠepitope	 ﾠ
tagged	 ﾠprotein	 ﾠwas	 ﾠdetectable	 ﾠand	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠnucleus	 ﾠmeant	 ﾠthat	 ﾠI	 ﾠChapter	 ﾠ3:	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elected	 ﾠto	 ﾠgo	 ﾠahead	 ﾠand	 ﾠcarry	 ﾠout	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠdespite	 ﾠthe	 ﾠlack	 ﾠof	 ﾠ
functional	 ﾠdata.	 ﾠ
The	 ﾠpurpose	 ﾠof	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠis	 ﾠto	 ﾠobtain	 ﾠsequenced	 ﾠreads	 ﾠthat	 ﾠ
can	 ﾠbe	 ﾠaligned	 ﾠto	 ﾠa	 ﾠgenome	 ﾠand	 ﾠused	 ﾠto	 ﾠidentify	 ﾠwhere	 ﾠa	 ﾠprotein	 ﾠbinds.	 ﾠReads	 ﾠthat	 ﾠ
directly	 ﾠrelate	 ﾠto	 ﾠlocations	 ﾠwhere	 ﾠthe	 ﾠprotein	 ﾠbinds	 ﾠhave	 ﾠto	 ﾠbe	 ﾠseparated	 ﾠfrom	 ﾠ
‘background	 ﾠreads’	 ﾠthat	 ﾠare	 ﾠsequenced	 ﾠfrom	 ﾠDNA	 ﾠthat	 ﾠis	 ﾠnot	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠprotein-ﾭ‐
binding	 ﾠsite.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠdo	 ﾠthis,	 ﾠcomputation	 ﾠmethods	 ﾠidentify	 ﾠregions	 ﾠof	 ﾠread	 ﾠ
enrichment,	 ﾠwhich	 ﾠare	 ﾠsubsequently	 ﾠtranslated	 ﾠinto	 ﾠpeaks.	 ﾠ	 ﾠ	 ﾠIt	 ﾠis	 ﾠimportant	 ﾠto	 ﾠalso	 ﾠ
carry	 ﾠout	 ﾠsequencing	 ﾠof	 ﾠthe	 ﾠsonicated	 ﾠDNA	 ﾠsample	 ﾠthat	 ﾠhas	 ﾠnot	 ﾠundergone	 ﾠthe	 ﾠChIP	 ﾠ
process	 ﾠwith	 ﾠa	 ﾠspecific	 ﾠantibody,	 ﾠknown	 ﾠas	 ﾠthe	 ﾠinput	 ﾠsample.	 ﾠ	 ﾠThe	 ﾠresulting	 ﾠreads	 ﾠ
from	 ﾠthe	 ﾠinput	 ﾠsample	 ﾠshould	 ﾠonly	 ﾠcorrespond	 ﾠto	 ﾠthe	 ﾠbackground	 ﾠreads	 ﾠand	 ﾠ
therefore	 ﾠcan	 ﾠbe	 ﾠdirectly	 ﾠcompared	 ﾠwith	 ﾠand	 ﾠsubtracted	 ﾠfrom	 ﾠthe	 ﾠreads	 ﾠfrom	 ﾠthe	 ﾠ
ChIP	 ﾠsample.	 ﾠ
I	 ﾠchose	 ﾠto	 ﾠuse	 ﾠthe	 ﾠpublically-ﾭ‐available	 ﾠpeak	 ﾠcalling	 ﾠsoftware	 ﾠMACS	 ﾠ(Zhang	 ﾠet	 ﾠ
al.,	 ﾠ2008b).	 ﾠ	 ﾠSince	 ﾠChIP-ﾭ‐DNA	 ﾠfragments	 ﾠare	 ﾠequally	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠsequenced	 ﾠfrom	 ﾠboth	 ﾠ
ends,	 ﾠthe	 ﾠtag	 ﾠdensity	 ﾠshould	 ﾠproduce	 ﾠa	 ﾠbimodal	 ﾠenrichment	 ﾠpattern	 ﾠ(illustrated	 ﾠin	 ﾠ
Figure	 ﾠ3-ﾭ‐7b).	 ﾠ	 ﾠThe	 ﾠspatial	 ﾠdistribution	 ﾠof	 ﾠthese	 ﾠsequenced	 ﾠforward	 ﾠand	 ﾠreverse	 ﾠtags	 ﾠ
correlates	 ﾠwith	 ﾠa	 ﾠprotein	 ﾠDNA-ﾭ‐binding	 ﾠposition.	 ﾠ	 ﾠBy	 ﾠinputting	 ﾠparameters	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠ
length	 ﾠof	 ﾠthe	 ﾠreads	 ﾠand	 ﾠsize	 ﾠof	 ﾠthe	 ﾠsonicated	 ﾠfragments,	 ﾠMACS	 ﾠidentifies	 ﾠthese	 ﾠ
spatial	 ﾠenrichment	 ﾠpatterns	 ﾠand	 ﾠbuilds	 ﾠa	 ﾠmodel	 ﾠwith	 ﾠthis	 ﾠinformation	 ﾠin	 ﾠorder	 ﾠto	 ﾠcall	 ﾠ
peaks	 ﾠand	 ﾠtherefore	 ﾠlocate	 ﾠbinding	 ﾠsites.	 ﾠ	 ﾠ	 ﾠ
When	 ﾠI	 ﾠinputted	 ﾠmy	 ﾠdata	 ﾠinto	 ﾠthe	 ﾠMACS	 ﾠsoftware,	 ﾠit	 ﾠwas	 ﾠunable	 ﾠto	 ﾠidentify	 ﾠa	 ﾠ
sufficient	 ﾠnumber	 ﾠof	 ﾠthese	 ﾠspatially	 ﾠdistributed	 ﾠenrichment	 ﾠpatterns	 ﾠin	 ﾠorder	 ﾠto	 ﾠbuild	 ﾠ
the	 ﾠmodel	 ﾠand	 ﾠsubsequently	 ﾠcall	 ﾠpeaks.	 ﾠ	 ﾠThe	 ﾠmost	 ﾠlikely	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠis	 ﾠthat	 ﾠthe	 ﾠ
DNA	 ﾠimmunopecipitated	 ﾠand	 ﾠsequenced	 ﾠin	 ﾠmy	 ﾠepitope	 ﾠtagged	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠ
does	 ﾠnot	 ﾠcorrespond	 ﾠto	 ﾠthe	 ﾠPlzf	 ﾠbinding	 ﾠsite,	 ﾠand	 ﾠinstead	 ﾠconsists	 ﾠof	 ﾠthe	 ﾠ
aforementioned	 ﾠbackground	 ﾠreads.	 ﾠ	 ﾠ	 ﾠAlthough	 ﾠit	 ﾠwas	 ﾠnot	 ﾠfeasible	 ﾠto	 ﾠmanually	 ﾠinspect	 ﾠ
the	 ﾠentire	 ﾠzebrafish	 ﾠgenome	 ﾠto	 ﾠsee	 ﾠif	 ﾠI	 ﾠcould	 ﾠidentify	 ﾠlocations	 ﾠwhere	 ﾠthe	 ﾠreads	 ﾠwere	 ﾠ
enriched,	 ﾠobserving	 ﾠthe	 ﾠmapped	 ﾠreads	 ﾠat	 ﾠpotential	 ﾠPlzf	 ﾠbinding	 ﾠsites	 ﾠ(such	 ﾠas	 ﾠthose	 ﾠ
shown	 ﾠin	 ﾠFigure	 ﾠ3-ﾭ‐3b)	 ﾠdidn’t	 ﾠreveal	 ﾠany	 ﾠindication	 ﾠof	 ﾠenrichment,	 ﾠor	 ﾠany	 ﾠobvious	 ﾠ
differences	 ﾠwith	 ﾠthe	 ﾠmapped	 ﾠreads	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠinput	 ﾠsample.	 ﾠ	 ﾠThe	 ﾠevidence	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
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therefore	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠfailed	 ﾠto	 ﾠidentify	 ﾠgenomic	 ﾠloci	 ﾠ
where	 ﾠthe	 ﾠtagged-ﾭ‐Plzfa	 ﾠprotein	 ﾠbinds.	 ﾠ	 ﾠ
A	 ﾠpotential	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠfailure	 ﾠis	 ﾠthat	 ﾠthe	 ﾠC-ﾭ‐terminal	 ﾠPlzfa-ﾭ‐Myc	 ﾠconstruct	 ﾠis	 ﾠ
unable	 ﾠto	 ﾠbind	 ﾠto	 ﾠthe	 ﾠtarget	 ﾠloci.	 ﾠ	 ﾠEvidence	 ﾠthat	 ﾠthis	 ﾠcomes	 ﾠfrom	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠI	 ﾠdidn’t	 ﾠ
observe	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠoverexpression	 ﾠphenotype	 ﾠ(Sobieszcuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠ
when	 ﾠI	 ﾠinjected	 ﾠthe	 ﾠRNA	 ﾠencoding	 ﾠthis	 ﾠtagged	 ﾠprotein.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠcarried	 ﾠout	 ﾠ
preliminary	 ﾠfunctional	 ﾠand	 ﾠexpression	 ﾠexperiments	 ﾠusing	 ﾠan	 ﾠN-ﾭ‐terminal	 ﾠtagged	 ﾠMyc-ﾭ‐
Plzfa	 ﾠconstruct.	 ﾠUsing	 ﾠthis	 ﾠconstruct	 ﾠresulted	 ﾠin	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠtagged	 ﾠ
protein	 ﾠwas	 ﾠfunctional	 ﾠand	 ﾠthat	 ﾠthe	 ﾠtag	 ﾠwas	 ﾠdetected	 ﾠby	 ﾠimmunohistochemistry.	 ﾠ	 ﾠ
Future	 ﾠexperiments	 ﾠwould	 ﾠbe	 ﾠto	 ﾠgo	 ﾠahead	 ﾠand	 ﾠcarry	 ﾠout	 ﾠChIP-ﾭ‐Seq	 ﾠusing	 ﾠthis	 ﾠepitope	 ﾠ
tagged	 ﾠprotein	 ﾠin	 ﾠorder	 ﾠto	 ﾠidentify	 ﾠtranscriptional	 ﾠtargets	 ﾠof	 ﾠthe	 ﾠPlzfa	 ﾠprotein.	 ﾠ
With	 ﾠthe	 ﾠbenefit	 ﾠof	 ﾠhindsight,	 ﾠI	 ﾠshould	 ﾠhave	 ﾠevaluated	 ﾠboth	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠ
and	 ﾠC-ﾭ‐terminal	 ﾠMyc	 ﾠtagged	 ﾠconstructs	 ﾠto	 ﾠdetermine	 ﾠwhich	 ﾠto	 ﾠtake	 ﾠforward	 ﾠfor	 ﾠChIP-ﾭ‐
Seq.	 ﾠ	 ﾠBased	 ﾠupon	 ﾠthe	 ﾠknown	 ﾠdomains	 ﾠof	 ﾠthe	 ﾠPlzf	 ﾠprotein,	 ﾠit	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠadding	 ﾠ
the	 ﾠsix	 ﾠMyc	 ﾠepitopes	 ﾠclose	 ﾠto	 ﾠthe	 ﾠzinc	 ﾠfinger	 ﾠmotifs	 ﾠis	 ﾠdisrupting	 ﾠthe	 ﾠDNA	 ﾠbinding	 ﾠ
activity	 ﾠof	 ﾠPlzf.	 ﾠ	 ﾠWhen	 ﾠdesigning	 ﾠof	 ﾠthe	 ﾠPlzfa-ﾭ‐Myc	 ﾠconstruct,	 ﾠI	 ﾠtook	 ﾠinto	 ﾠaccount	 ﾠthe	 ﾠ
difficulties	 ﾠin	 ﾠdetecting	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠHA	 ﾠtag	 ﾠdescribed	 ﾠin	 ﾠthe	 ﾠtext	 ﾠand	 ﾠalso	 ﾠthat	 ﾠ
previous	 ﾠpublications	 ﾠhave	 ﾠdemonstrated	 ﾠthat	 ﾠadding	 ﾠa	 ﾠHA	 ﾠtag	 ﾠto	 ﾠthe	 ﾠC-ﾭ‐terminus	 ﾠof	 ﾠ
Plzf	 ﾠdoesn’t	 ﾠdisrupt	 ﾠits	 ﾠfunction	 ﾠ(Seidel	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠZaade	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
A	 ﾠfurther	 ﾠaspect	 ﾠto	 ﾠconsider	 ﾠis	 ﾠthat	 ﾠthe	 ﾠtagged	 ﾠprotein	 ﾠhas	 ﾠto	 ﾠcompete	 ﾠwith	 ﾠ
the	 ﾠwild-ﾭ‐type	 ﾠPlzfa	 ﾠprotein	 ﾠthat	 ﾠnormally	 ﾠoccupies	 ﾠthe	 ﾠPlzf	 ﾠbinding	 ﾠsites	 ﾠin	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome.	 ﾠ	 ﾠThe	 ﾠC-ﾭ‐terminal	 ﾠPlzfa-ﾭ‐Myc	 ﾠprotein	 ﾠmay	 ﾠtherefore	 ﾠbe	 ﾠunable	 ﾠto	 ﾠ
outcompete	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠprotein	 ﾠand	 ﾠthis	 ﾠcould	 ﾠbe	 ﾠwhy	 ﾠit	 ﾠis	 ﾠunable	 ﾠto	 ﾠbind	 ﾠthe	 ﾠ
targets	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠThis	 ﾠconcern	 ﾠcould	 ﾠbe	 ﾠalleviated	 ﾠby	 ﾠcarrying	 ﾠout	 ﾠthe	 ﾠsame	 ﾠ
ChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠin	 ﾠembryos	 ﾠthat	 ﾠlack	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠPlzfa	 ﾠprotein,	 ﾠsuch	 ﾠas	 ﾠthose	 ﾠ
generated	 ﾠin	 ﾠChapter	 ﾠ5.	 ﾠ	 ﾠ
Future	 ﾠconsiderations	 ﾠ
The	 ﾠdecision	 ﾠto	 ﾠuse	 ﾠwhole	 ﾠzebrafish	 ﾠembryos	 ﾠat	 ﾠthe	 ﾠsource	 ﾠof	 ﾠcells	 ﾠfor	 ﾠthe	 ﾠ
ChIP	 ﾠexperiment	 ﾠwas	 ﾠlargely	 ﾠmade	 ﾠbecause	 ﾠmy	 ﾠfunctional	 ﾠexperiments	 ﾠwere	 ﾠbeing	 ﾠ
carried	 ﾠout	 ﾠin	 ﾠthe	 ﾠsame	 ﾠsystem.	 ﾠ	 ﾠOther	 ﾠpossibilities	 ﾠinclude	 ﾠworking	 ﾠwith	 ﾠembryonic	 ﾠ
or	 ﾠneural	 ﾠstem	 ﾠcells	 ﾠsuch	 ﾠas	 ﾠthose	 ﾠwhere	 ﾠPlzf	 ﾠis	 ﾠhighly	 ﾠexpressed	 ﾠ(Elkabetz	 ﾠet	 ﾠal.,	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
	 ﾠ 106	 ﾠ
2008).	 ﾠ	 ﾠHowever,	 ﾠcultured	 ﾠcell	 ﾠlines	 ﾠare	 ﾠnot	 ﾠavailable	 ﾠfor	 ﾠzebrafish	 ﾠand	 ﾠtherefore	 ﾠthis	 ﾠ
would	 ﾠentail	 ﾠdetermining	 ﾠtranscriptional	 ﾠtargets	 ﾠwithin	 ﾠa	 ﾠdifferent	 ﾠspecies,	 ﾠwhich	 ﾠ
would	 ﾠnot	 ﾠnecessarily	 ﾠbe	 ﾠtargets	 ﾠwithin	 ﾠthe	 ﾠzebrafish.	 ﾠ	 ﾠFurthermore,	 ﾠthe	 ﾠlong-ﾭ‐term	 ﾠ
maintenance	 ﾠof	 ﾠcells	 ﾠin	 ﾠculture	 ﾠcan	 ﾠderegulate	 ﾠtheir	 ﾠspatial	 ﾠand	 ﾠtemporal	 ﾠidentity	 ﾠ
and	 ﾠtherefore	 ﾠperforming	 ﾠChIP-ﾭ‐Seq	 ﾠusing	 ﾠthis	 ﾠsystem	 ﾠmay	 ﾠnot	 ﾠprovide	 ﾠthe	 ﾠfull	 ﾠ
spectrum	 ﾠof	 ﾠtranscriptional	 ﾠtargets	 ﾠacross	 ﾠthe	 ﾠdeveloping	 ﾠembryo	 ﾠ(Conti	 ﾠand	 ﾠ
Cattaneo,	 ﾠ2010).	 ﾠ
A	 ﾠpotential	 ﾠcaveat	 ﾠto	 ﾠperforming	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiments	 ﾠusing	 ﾠwhole	 ﾠ
zebrafish	 ﾠembryos	 ﾠis	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠregulating	 ﾠgene	 ﾠexpression	 ﾠin	 ﾠtissues	 ﾠ
other	 ﾠthan	 ﾠthe	 ﾠnervous	 ﾠsystem.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠany	 ﾠidentified	 ﾠPlzf	 ﾠtargets	 ﾠ
are	 ﾠbeing	 ﾠregulated	 ﾠwithin	 ﾠthe	 ﾠneural	 ﾠprogenitor	 ﾠcells,	 ﾠthe	 ﾠspatial	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠ
targets	 ﾠwould	 ﾠneed	 ﾠto	 ﾠbe	 ﾠanalysed	 ﾠin	 ﾠembryos	 ﾠwhere	 ﾠPlzf	 ﾠfunction	 ﾠhas	 ﾠbeen	 ﾠ
manipulated.	 ﾠ	 ﾠCombing	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠwith	 ﾠfluorescence-ﾭ‐activated	 ﾠcell	 ﾠsorting	 ﾠallows	 ﾠ
the	 ﾠtissue	 ﾠspecific	 ﾠidentification	 ﾠof	 ﾠtargets	 ﾠ(Bonn	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠTherefore,	 ﾠusing	 ﾠ
transgenic	 ﾠzebrafish	 ﾠlines	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠgfap:gfp	 ﾠline,	 ﾠused	 ﾠin	 ﾠChapter	 ﾠ4,	 ﾠcould	 ﾠhelp	 ﾠ
obtain	 ﾠneural	 ﾠspecific	 ﾠtargets	 ﾠ.	 ﾠ
The	 ﾠdescribed	 ﾠexperiments	 ﾠmakes	 ﾠthe	 ﾠassumption	 ﾠthat	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ
proteins	 ﾠbind	 ﾠto	 ﾠthe	 ﾠsame	 ﾠregion	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome,	 ﾠbased	 ﾠon	 ﾠtheir	 ﾠfunctional	 ﾠ
redundancy	 ﾠproposed	 ﾠlater	 ﾠin	 ﾠChapter	 ﾠ4.4.	 ﾠ	 ﾠOverexpressing	 ﾠa	 ﾠtagged	 ﾠversion	 ﾠof	 ﾠPlzfb	 ﾠ
could	 ﾠbe	 ﾠused	 ﾠin	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠextent	 ﾠof	 ﾠoverlap	 ﾠof	 ﾠtargets	 ﾠbetween	 ﾠthe	 ﾠ
two	 ﾠparalogues.	 ﾠ	 ﾠAs	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠfailed	 ﾠto	 ﾠgenerate	 ﾠdata,	 ﾠI	 ﾠam	 ﾠunable	 ﾠto	 ﾠ
comment	 ﾠon	 ﾠwhether	 ﾠthe	 ﾠchoice	 ﾠto	 ﾠoverexpress	 ﾠPlzf	 ﾠleads	 ﾠto	 ﾠincreased	 ﾠbackground	 ﾠ
signal.	 ﾠ	 ﾠThe	 ﾠrecent	 ﾠadvent	 ﾠof	 ﾠgenome	 ﾠediting	 ﾠtechnology	 ﾠmean	 ﾠthat,	 ﾠusing	 ﾠtechniques	 ﾠ
such	 ﾠas	 ﾠdescribed	 ﾠwithin	 ﾠChapter	 ﾠ6,	 ﾠit	 ﾠwould	 ﾠbe	 ﾠpossible	 ﾠto	 ﾠadd	 ﾠepitope	 ﾠtags	 ﾠto	 ﾠ
endogenous	 ﾠgenes	 ﾠsuch	 ﾠas	 ﾠhas	 ﾠbeen	 ﾠdone	 ﾠwithin	 ﾠthe	 ﾠmouse	 ﾠ(Zhang	 ﾠet	 ﾠal.,	 ﾠ2008a).	 ﾠ	 ﾠ	 ﾠ
Conclusions	 ﾠ
Knowledge	 ﾠof	 ﾠthe	 ﾠtranscriptional	 ﾠtargets	 ﾠthat	 ﾠare	 ﾠregulated	 ﾠby	 ﾠPlzf	 ﾠwithin	 ﾠ
neural	 ﾠprogenitors	 ﾠwould	 ﾠsignificantly	 ﾠimprove	 ﾠour	 ﾠunderstanding	 ﾠof	 ﾠhow	 ﾠPlzf	 ﾠcarries	 ﾠ
out	 ﾠits	 ﾠfunctions.	 ﾠ	 ﾠWhilst	 ﾠI	 ﾠwas	 ﾠunsuccessful	 ﾠin	 ﾠmy	 ﾠattempts	 ﾠto	 ﾠachieve	 ﾠthis	 ﾠaim,	 ﾠa	 ﾠ
considerable	 ﾠamount	 ﾠof	 ﾠwork	 ﾠhas	 ﾠgone	 ﾠinto	 ﾠdetermining	 ﾠthe	 ﾠvarious	 ﾠparameters	 ﾠChapter	 ﾠ3:	 ﾠTranscriptional	 ﾠTargets	 ﾠ
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required	 ﾠto	 ﾠcarry	 ﾠout	 ﾠChIP-ﾭ‐Seq	 ﾠin	 ﾠzebrafish.	 ﾠ	 ﾠThis	 ﾠwork	 ﾠwill	 ﾠtherefore	 ﾠbe	 ﾠof	 ﾠvalue	 ﾠto	 ﾠ
future	 ﾠexperiments	 ﾠthat	 ﾠaim	 ﾠto	 ﾠcharacterise	 ﾠgenes	 ﾠregulated	 ﾠby	 ﾠPlzf.	 ﾠ
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4  Investigating	 ﾠthe	 ﾠrole	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠneural	 ﾠprogenitor	 ﾠ
maintenance	 ﾠ
4.1  Introduction	 ﾠ
The	 ﾠPlzf	 ﾠtranscription	 ﾠfactor	 ﾠis	 ﾠknown	 ﾠto	 ﾠregulate	 ﾠprogenitor	 ﾠmaintenance	 ﾠin	 ﾠ
several	 ﾠtissues	 ﾠ(Suliman	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠThe	 ﾠexpression	 ﾠpattern	 ﾠfor	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠ
vertebrate	 ﾠnervous	 ﾠsystem	 ﾠwas	 ﾠfirst	 ﾠdescribed	 ﾠalmost	 ﾠ20	 ﾠyears	 ﾠago	 ﾠ(Cook	 ﾠet	 ﾠal.,	 ﾠ
1995)	 ﾠand	 ﾠyet	 ﾠit	 ﾠis	 ﾠonly	 ﾠrecently	 ﾠthat	 ﾠa	 ﾠfunctional	 ﾠrole	 ﾠin	 ﾠthis	 ﾠtissue	 ﾠhas	 ﾠbegun	 ﾠto	 ﾠbe	 ﾠ
elucidated.	 ﾠ	 ﾠPrevious	 ﾠwork	 ﾠwithin	 ﾠthe	 ﾠWilkinson	 ﾠlab	 ﾠidentified	 ﾠPlzfa	 ﾠas	 ﾠa	 ﾠwidely	 ﾠ
expressed	 ﾠinhibitor	 ﾠof	 ﾠthe	 ﾠinitial	 ﾠwave	 ﾠof	 ﾠneurogenesis	 ﾠin	 ﾠzebrafish,	 ﾠbut	 ﾠsuggested	 ﾠ
that	 ﾠit	 ﾠis	 ﾠentirely	 ﾠredundant	 ﾠto	 ﾠNotch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠ	 ﾠWhilst	 ﾠmy	 ﾠPhD	 ﾠproject	 ﾠwas	 ﾠunderway,	 ﾠanother	 ﾠgroup	 ﾠshowed	 ﾠa	 ﾠfunction	 ﾠfor	 ﾠ
Plzf	 ﾠin	 ﾠthe	 ﾠmaintenance	 ﾠof	 ﾠneural	 ﾠprogenitors	 ﾠwithin	 ﾠthe	 ﾠchicken	 ﾠand	 ﾠmouse	 ﾠspinal	 ﾠ
cord	 ﾠby	 ﾠregulating	 ﾠthe	 ﾠcells	 ﾠresponsiveness	 ﾠto	 ﾠFGFs	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
I	 ﾠwas	 ﾠinterested	 ﾠin	 ﾠwhether	 ﾠthere	 ﾠare	 ﾠproteins	 ﾠother	 ﾠthan	 ﾠNotch	 ﾠthat	 ﾠcould	 ﾠbe	 ﾠ
functionally	 ﾠredundant	 ﾠto	 ﾠPlzfa	 ﾠin	 ﾠthe	 ﾠzebrafish.	 ﾠ	 ﾠThe	 ﾠhighly	 ﾠsimilar	 ﾠRNA	 ﾠexpression	 ﾠ
patterns	 ﾠfor	 ﾠplzfa	 ﾠand	 ﾠits	 ﾠparalogue,	 ﾠplzfb,	 ﾠdescribed	 ﾠpreviously	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ
2010),	 ﾠmade	 ﾠPlzfb	 ﾠan	 ﾠinteresting	 ﾠcandidate	 ﾠand	 ﾠI	 ﾠaimed	 ﾠto	 ﾠexplore	 ﾠits	 ﾠexpression	 ﾠand	 ﾠ
function	 ﾠfurther.	 ﾠ	 ﾠThe	 ﾠprevious	 ﾠresults	 ﾠin	 ﾠzebrafish	 ﾠfocused	 ﾠon	 ﾠearly	 ﾠstages	 ﾠof	 ﾠ
neurogenesis	 ﾠand	 ﾠI	 ﾠwas	 ﾠinterested	 ﾠin	 ﾠwhether	 ﾠthere	 ﾠis	 ﾠalso	 ﾠa	 ﾠrole	 ﾠat	 ﾠlater	 ﾠstages	 ﾠ
during	 ﾠembryogenesis.	 ﾠ
In	 ﾠthis	 ﾠchapter	 ﾠI	 ﾠshall	 ﾠfirstly	 ﾠdescribe	 ﾠthe	 ﾠRNA	 ﾠand	 ﾠprotein	 ﾠexpression	 ﾠpatterns	 ﾠ
observed	 ﾠfor	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠduring	 ﾠzebrafish	 ﾠdevelopment,	 ﾠfocusing	 ﾠon	 ﾠits	 ﾠ
expression	 ﾠwithin	 ﾠthe	 ﾠnervous	 ﾠsystem.	 ﾠ	 ﾠChoosing	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠas	 ﾠa	 ﾠmodel	 ﾠfor	 ﾠ
investigating	 ﾠneurogenesis,	 ﾠI	 ﾠshall	 ﾠexplore	 ﾠin	 ﾠmore	 ﾠdetail	 ﾠwhere	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠ
during	 ﾠthe	 ﾠneurogenic	 ﾠcascade,	 ﾠcomparing	 ﾠit	 ﾠwith	 ﾠthe	 ﾠexpression	 ﾠof	 ﾠmarkers	 ﾠof	 ﾠ
neural	 ﾠprogenitors,	 ﾠdifferentiating	 ﾠcells	 ﾠand	 ﾠdifferentiated	 ﾠneurons.	 ﾠ	 ﾠUsing	 ﾠ
morpholino	 ﾠknockdown	 ﾠtechniques,	 ﾠI	 ﾠdescribe	 ﾠa	 ﾠphenotype	 ﾠrelating	 ﾠto	 ﾠa	 ﾠdefect	 ﾠin	 ﾠ
progenitor	 ﾠmaintenance	 ﾠobserved	 ﾠwhen	 ﾠthe	 ﾠfunctions	 ﾠof	 ﾠboth	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠare	 ﾠ
disrupted.	 ﾠ	 ﾠFinally,	 ﾠI	 ﾠuse	 ﾠthese	 ﾠresults	 ﾠto	 ﾠrevisit	 ﾠthe	 ﾠfeedback	 ﾠloop	 ﾠinvolving	 ﾠPlzf	 ﾠand	 ﾠ
Btbd6a	 ﾠpreviously	 ﾠproposed	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	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4.2  Examining	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠparalogues	 ﾠ
I	 ﾠbegan	 ﾠby	 ﾠexamining	 ﾠthe	 ﾠsimilarity	 ﾠbetween	 ﾠthe	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠgenes.	 ﾠ	 ﾠplzfa	 ﾠ
is	 ﾠfound	 ﾠon	 ﾠchromosome	 ﾠ21	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠand	 ﾠits	 ﾠparalogue	 ﾠexists	 ﾠon	 ﾠ
chromosome	 ﾠ15.	 ﾠ	 ﾠWithin	 ﾠboth	 ﾠthe	 ﾠmouse	 ﾠand	 ﾠhuman	 ﾠgenomes,	 ﾠthe	 ﾠPlzf	 ﾠgene	 ﾠis	 ﾠ
composed	 ﾠof	 ﾠ7	 ﾠexons	 ﾠand	 ﾠencodes	 ﾠa	 ﾠprotein	 ﾠwith	 ﾠ9	 ﾠzinc	 ﾠfingers.	 ﾠ	 ﾠExamination	 ﾠof	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome	 ﾠ(Zv9	 ﾠassembly)	 ﾠreveals	 ﾠthat	 ﾠplzfb	 ﾠhas	 ﾠthe	 ﾠsame	 ﾠgenomic	 ﾠstructure	 ﾠ
as	 ﾠthe	 ﾠhuman	 ﾠand	 ﾠmouse	 ﾠorthologue	 ﾠwhilst	 ﾠonly	 ﾠ5	 ﾠexons	 ﾠfor	 ﾠplzfa	 ﾠcan	 ﾠbe	 ﾠidentified	 ﾠ
(Figure	 ﾠ4-ﾭ‐1).	 ﾠ	 ﾠThe	 ﾠ2	 ﾠmissing	 ﾠexons	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠgene	 ﾠencode	 ﾠzinc	 ﾠfingers	 ﾠ4	 ﾠ–	 ﾠ7	 ﾠof	 ﾠthe	 ﾠ
Plzfa	 ﾠprotein.	 ﾠ	 ﾠEvidence	 ﾠthat	 ﾠthe	 ﾠPlzfa	 ﾠprotein	 ﾠhas	 ﾠthe	 ﾠexpected	 ﾠ9	 ﾠzinc	 ﾠfingers	 ﾠcomes	 ﾠ
from	 ﾠthe	 ﾠexistence	 ﾠof	 ﾠfull-ﾭ‐length	 ﾠplzfa	 ﾠcDNA	 ﾠclones	 ﾠderived	 ﾠfrom	 ﾠRNA	 ﾠextracted	 ﾠfrom	 ﾠ
wild	 ﾠtype	 ﾠzebrafish.	 ﾠ(IMAGE	 ﾠID:	 ﾠ3815539	 ﾠ&	 ﾠ100060713).	 ﾠ	 ﾠMy	 ﾠinterpretation	 ﾠof	 ﾠthese	 ﾠ
observations	 ﾠis	 ﾠthat	 ﾠthe	 ﾠplzfa	 ﾠgene	 ﾠis	 ﾠcomposed	 ﾠof	 ﾠ7	 ﾠexons	 ﾠas	 ﾠseen	 ﾠin	 ﾠother	 ﾠspecies	 ﾠ
and	 ﾠis	 ﾠincorrectly	 ﾠannotated	 ﾠin	 ﾠthe	 ﾠcurrent	 ﾠzebrafish	 ﾠassembly.	 ﾠ
The	 ﾠplzfa	 ﾠopen	 ﾠreading	 ﾠframe	 ﾠcontains	 ﾠ2016	 ﾠbp,	 ﾠwhich	 ﾠencode	 ﾠ671	 ﾠamino	 ﾠ
acids,	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠmouse	 ﾠprotein	 ﾠat	 ﾠ673	 ﾠamino	 ﾠacids.	 ﾠ	 ﾠThe	 ﾠPlzfb	 ﾠprotein	 ﾠis	 ﾠslightly	 ﾠ
shorter	 ﾠat	 ﾠ659	 ﾠamino	 ﾠacids	 ﾠencoded	 ﾠby	 ﾠ1980	 ﾠbp.	 ﾠ	 ﾠThe	 ﾠdeletions	 ﾠin	 ﾠthe	 ﾠPlzfb	 ﾠprotein	 ﾠ
are	 ﾠmainly	 ﾠfound	 ﾠwithin	 ﾠthe	 ﾠRD2	 ﾠdomain	 ﾠand	 ﾠwhether	 ﾠthis	 ﾠhas	 ﾠany	 ﾠeffect	 ﾠon	 ﾠthe	 ﾠ
protein	 ﾠfunction	 ﾠis	 ﾠunknown.	 ﾠ	 ﾠComparing	 ﾠthe	 ﾠcDNA	 ﾠand	 ﾠamino	 ﾠacid	 ﾠsequence	 ﾠfor	 ﾠthe	 ﾠ
paralogues	 ﾠreveals	 ﾠthat	 ﾠboth	 ﾠhave	 ﾠover	 ﾠ75%	 ﾠidentity	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐1	 ﾠand	 ﾠFigure	 ﾠ
8-ﾭ‐2).	 ﾠ	 ﾠ	 ﾠ
plzfa	 ﾠand	 ﾠplzfb	 ﾠRNA	 ﾠexpression	 ﾠ
I	 ﾠaimed	 ﾠto	 ﾠexamine	 ﾠthe	 ﾠexpression	 ﾠpatterns	 ﾠof	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠthroughout	 ﾠ
zebrafish	 ﾠembryonic	 ﾠneurogenesis	 ﾠin	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠtheir	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠ
nervous	 ﾠsystem	 ﾠand	 ﾠobserve	 ﾠwhether	 ﾠthe	 ﾠpatterns	 ﾠoverlap.	 ﾠ	 ﾠTo	 ﾠdo	 ﾠthis,	 ﾠI	 ﾠused	 ﾠanti-ﾭ‐
sense	 ﾠRNA	 ﾠprobes	 ﾠagainst	 ﾠthe	 ﾠtwo	 ﾠmRNAs	 ﾠfor	 ﾠin	 ﾠsitu	 ﾠhybridization	 ﾠ(ISH).	 ﾠ	 ﾠBecause	 ﾠof	 ﾠ
the	 ﾠhigh	 ﾠdegree	 ﾠof	 ﾠidentity	 ﾠbetween	 ﾠthe	 ﾠparalogues,	 ﾠI	 ﾠwas	 ﾠconcerned	 ﾠthat	 ﾠthe	 ﾠprobes	 ﾠ
against	 ﾠthe	 ﾠfull	 ﾠlength	 ﾠmRNA	 ﾠwould	 ﾠnot	 ﾠbe	 ﾠspecific	 ﾠto	 ﾠa	 ﾠparticular	 ﾠparalogue.	 ﾠ	 ﾠI	 ﾠ
therefore	 ﾠgenerated	 ﾠthe	 ﾠprobes	 ﾠfrom	 ﾠregions	 ﾠof	 ﾠleast	 ﾠsimilarity	 ﾠbetween	 ﾠplzfa	 ﾠand	 ﾠ
plzfb	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐1).	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Figure	 ﾠ4-ﾭ‐1:	 ﾠGenomic	 ﾠlocation	 ﾠof	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠ
Shaded	 ﾠboxes	 ﾠindicate	 ﾠprotein-ﾭ‐coding	 ﾠregions	 ﾠwhilst	 ﾠthe	 ﾠunshaded	 ﾠregions	 ﾠ
correspond	 ﾠto	 ﾠthe	 ﾠuntranslated	 ﾠregions.	 ﾠ	 ﾠExons	 ﾠare	 ﾠdrawn	 ﾠto	 ﾠthe	 ﾠscale	 ﾠshown,	 ﾠintrons	 ﾠ
are	 ﾠnot	 ﾠto	 ﾠscale.	 ﾠ
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Figure	 ﾠ4-ﾭ‐1	 ﾠ
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In	 ﾠorder	 ﾠto	 ﾠexamine	 ﾠgene	 ﾠand	 ﾠprotein	 ﾠexpression	 ﾠfrom	 ﾠdifferent	 ﾠperspectives	 ﾠ
within	 ﾠthe	 ﾠdeveloping	 ﾠzebrafish	 ﾠembryo,	 ﾠI	 ﾠused	 ﾠdifferent	 ﾠmounting	 ﾠtechniques	 ﾠfor	 ﾠ
imaging.	 ﾠ	 ﾠ	 ﾠThese	 ﾠare	 ﾠthe	 ﾠDorsal	 ﾠView	 ﾠ(DV),	 ﾠTransverse	 ﾠSections	 ﾠ(TS)	 ﾠor	 ﾠSagittal	 ﾠView	 ﾠ
(SV)	 ﾠas	 ﾠshown	 ﾠin	 ﾠthe	 ﾠcartoons	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2	 ﾠand	 ﾠused	 ﾠthroughout	 ﾠthe	 ﾠthesis	 ﾠas	 ﾠ
indicated.	 ﾠ	 ﾠA	 ﾠtime	 ﾠcourse	 ﾠfor	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠexpression	 ﾠfrom	 ﾠthe	 ﾠonset	 ﾠof	 ﾠ
neurogenesis	 ﾠ(11	 ﾠhpf)	 ﾠup	 ﾠto	 ﾠ44	 ﾠhpf	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2a-ﾭ‐l.	 ﾠ	 ﾠThe	 ﾠexpression	 ﾠpatterns	 ﾠ
for	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠclosely	 ﾠmatch	 ﾠthe	 ﾠpatterns	 ﾠfor	 ﾠthe	 ﾠequivalent	 ﾠstages	 ﾠ(11-ﾭ‐14	 ﾠhpf)	 ﾠ
previous	 ﾠpublished	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
At	 ﾠ11	 ﾠhpf,	 ﾠplzfa	 ﾠexpression	 ﾠis	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠforebrain,	 ﾠmidbrain,	 ﾠ
hindbrain	 ﾠand	 ﾠcaudal	 ﾠneural	 ﾠplate	 ﾠat	 ﾠthe	 ﾠposterior	 ﾠof	 ﾠthe	 ﾠembryo,	 ﾠwhilst	 ﾠplzfb	 ﾠis	 ﾠ
clearly	 ﾠexpressed	 ﾠin	 ﾠthe	 ﾠforebrain,	 ﾠmidbrain	 ﾠand	 ﾠhindbrain	 ﾠ(Figure	 ﾠ4-ﾭ‐2a	 ﾠ&	 ﾠg).	 ﾠ	 ﾠAs	 ﾠ
development	 ﾠproceeds	 ﾠthrough	 ﾠto	 ﾠ20	 ﾠhpf,	 ﾠexpression	 ﾠof	 ﾠboth	 ﾠparalogues	 ﾠremains	 ﾠ
high	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠnervous	 ﾠsystem,	 ﾠin	 ﾠparticular	 ﾠoverlapping	 ﾠin	 ﾠthe	 ﾠanterior	 ﾠ
of	 ﾠthe	 ﾠembryo	 ﾠ(Figure	 ﾠ4-ﾭ‐2b,	 ﾠc,	 ﾠh	 ﾠ&	 ﾠi).	 ﾠ	 ﾠBetween	 ﾠthese	 ﾠstages,	 ﾠdifferent	 ﾠlevels	 ﾠof	 ﾠ
expression	 ﾠwere	 ﾠobserved	 ﾠfor	 ﾠthe	 ﾠtwo	 ﾠparalogues	 ﾠwithin	 ﾠdifferent	 ﾠpresumptive	 ﾠ
rhombomeres	 ﾠof	 ﾠthe	 ﾠdeveloping	 ﾠhindbrain.	 ﾠ	 ﾠThis	 ﾠis	 ﾠshown	 ﾠin	 ﾠmore	 ﾠdetail	 ﾠin	 ﾠFigure	 ﾠ
4-ﾭ‐2m	 ﾠ&	 ﾠn,	 ﾠwhere	 ﾠplzfa	 ﾠexpression	 ﾠis	 ﾠslightly	 ﾠdecreased	 ﾠin	 ﾠrhombomere	 ﾠ5	 ﾠand	 ﾠplzfb	 ﾠ
has	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠodd-ﾭ‐numbered	 ﾠrhombomeres	 ﾠat	 ﾠ20	 ﾠhpf.	 ﾠ	 ﾠ
The	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠsegmental	 ﾠexpression	 ﾠwas	 ﾠnot	 ﾠexplored	 ﾠany	 ﾠfurther	 ﾠin	 ﾠthis	 ﾠproject	 ﾠ
and	 ﾠit	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠthis	 ﾠexpression	 ﾠis	 ﾠalso	 ﾠdynamic	 ﾠbetween	 ﾠthe	 ﾠstages	 ﾠimaged.	 ﾠ	 ﾠ
Neurogenesis	 ﾠis	 ﾠknown	 ﾠto	 ﾠbe	 ﾠmost	 ﾠactive	 ﾠbetween	 ﾠ24	 ﾠand	 ﾠ44	 ﾠhpf	 ﾠ(Lyons	 ﾠet	 ﾠ
al.,	 ﾠ2003),	 ﾠand	 ﾠat	 ﾠthese	 ﾠstages	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠplzfa	 ﾠtranscripts	 ﾠcould	 ﾠbe	 ﾠdetected	 ﾠ
within	 ﾠthe	 ﾠforebrain,	 ﾠhindbrain	 ﾠand	 ﾠspinal	 ﾠcord	 ﾠ(Figure	 ﾠ4-ﾭ‐2d-ﾭ‐f).	 ﾠ	 ﾠplzfb	 ﾠexpression	 ﾠ
remained	 ﾠhigh	 ﾠwithin	 ﾠthe	 ﾠforebrain	 ﾠduring	 ﾠthis	 ﾠsame	 ﾠperiod,	 ﾠbut	 ﾠappeared	 ﾠto	 ﾠ
decrease	 ﾠelsewhere	 ﾠ(Figure	 ﾠ4-ﾭ‐2j-ﾭ‐l).	 ﾠ	 ﾠExpression	 ﾠof	 ﾠboth	 ﾠparalogues	 ﾠis	 ﾠnot	 ﾠrestricted	 ﾠto	 ﾠ
the	 ﾠneuroepithelium	 ﾠand	 ﾠexpression	 ﾠof	 ﾠplzfa	 ﾠis	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠotic	 ﾠ
vesicle	 ﾠand	 ﾠpectoral	 ﾠfins	 ﾠ(Figure	 ﾠ4-ﾭ‐2c	 ﾠ&f)	 ﾠwhilst	 ﾠplzfb	 ﾠtranscripts	 ﾠare	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠ
developing	 ﾠdigestive	 ﾠtract,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠliver	 ﾠand	 ﾠpancreatic	 ﾠbuds	 ﾠ(Figure	 ﾠ4-ﾭ‐2l).	 ﾠ
Having	 ﾠobserved	 ﾠexpression	 ﾠalong	 ﾠthe	 ﾠanterior-ﾭ‐posterior	 ﾠaxis,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠlook	 ﾠ
in	 ﾠdetail	 ﾠat	 ﾠthe	 ﾠtranscripts	 ﾠwithin	 ﾠthe	 ﾠdorsal-ﾭ‐ventral	 ﾠaxis	 ﾠof	 ﾠthe	 ﾠneural	 ﾠtube.	 ﾠ	 ﾠI	 ﾠelected	 ﾠ
to	 ﾠcompare	 ﾠexpression	 ﾠof	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠwith	 ﾠthat	 ﾠof	 ﾠa	 ﾠknown	 ﾠmarker	 ﾠof	 ﾠprogenitor	 ﾠ
cells,	 ﾠsox3.	 ﾠ	 ﾠBased	 ﾠon	 ﾠour	 ﾠdetailed	 ﾠknowledge	 ﾠof	 ﾠthe	 ﾠhindbrain	 ﾠand	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠboth	 ﾠChapter	 ﾠ4:	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paralogues	 ﾠare	 ﾠexpressed	 ﾠthere,	 ﾠI	 ﾠfocussed	 ﾠmy	 ﾠanalysis	 ﾠto	 ﾠthis	 ﾠregion	 ﾠof	 ﾠthe	 ﾠneural	 ﾠ
epithelium.	 ﾠ	 ﾠAt	 ﾠ24	 ﾠhpf,	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠthe	 ﾠhindbrain	 ﾠis	 ﾠmade	 ﾠup	 ﾠof	 ﾠprogenitors,	 ﾠ
demonstrated	 ﾠby	 ﾠthe	 ﾠwidespread	 ﾠexpression	 ﾠof	 ﾠsox3	 ﾠ(Figure	 ﾠ4-ﾭ‐2o),	 ﾠwith	 ﾠneurons	 ﾠ
occupying	 ﾠthe	 ﾠlateral	 ﾠregions	 ﾠof	 ﾠthe	 ﾠneural	 ﾠepithelium.	 ﾠ	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠexpression	 ﾠ
overlap	 ﾠwith	 ﾠthat	 ﾠof	 ﾠsox3,	 ﾠsuggesting	 ﾠthat	 ﾠthese	 ﾠgenes	 ﾠare	 ﾠcoexpressed	 ﾠwithin	 ﾠneural	 ﾠ
progenitors	 ﾠ(Figure	 ﾠ4-ﾭ‐2p	 ﾠ&	 ﾠq).	 ﾠ	 ﾠ	 ﾠ
At	 ﾠ44	 ﾠhpf,	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠis	 ﾠin	 ﾠa	 ﾠcharacteristic	 ﾠT-ﾭ‐shape,	 ﾠwhilst	 ﾠthe	 ﾠ
mantle	 ﾠzone	 ﾠcontains	 ﾠdifferentiated	 ﾠneurons	 ﾠwhich	 ﾠoccupy	 ﾠthe	 ﾠremaining	 ﾠspace	 ﾠ
(Lyons	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠThis	 ﾠis	 ﾠreflected	 ﾠin	 ﾠthe	 ﾠexpression	 ﾠpattern	 ﾠfor	 ﾠsox3	 ﾠ(Figure	 ﾠ4-ﾭ‐2r).	 ﾠ	 ﾠ
plzfa	 ﾠand	 ﾠplzfb	 ﾠshow	 ﾠa	 ﾠsimilar	 ﾠexpression	 ﾠpattern	 ﾠto	 ﾠsox3	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠ
of	 ﾠthe	 ﾠhindbrain	 ﾠ(Figure	 ﾠ4-ﾭ‐2s	 ﾠ&	 ﾠt).	 ﾠ	 ﾠplzfa	 ﾠexpression	 ﾠappears	 ﾠto	 ﾠbe	 ﾠdiminished	 ﾠin	 ﾠthe	 ﾠ
dorsal-ﾭ‐most	 ﾠregion	 ﾠof	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠ(arrows	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2s).	 ﾠ	 ﾠplzfb	 ﾠexpression	 ﾠ
in	 ﾠthe	 ﾠhindbrain	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠwas	 ﾠdifficult	 ﾠto	 ﾠdetect	 ﾠin	 ﾠthe	 ﾠdorsal	 ﾠviews	 ﾠ(Figure	 ﾠ4-ﾭ‐2l),	 ﾠbut	 ﾠ
these	 ﾠsections	 ﾠshow	 ﾠthat	 ﾠit	 ﾠclearly	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone.	 ﾠ
Overall,	 ﾠthese	 ﾠISHs	 ﾠreveal	 ﾠa	 ﾠnumber	 ﾠof	 ﾠinteresting	 ﾠfeatures	 ﾠabout	 ﾠexpression	 ﾠ
of	 ﾠthe	 ﾠtwo	 ﾠparalogues.	 ﾠ	 ﾠThey	 ﾠshow	 ﾠthat	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠare	 ﾠboth	 ﾠwidely	 ﾠexpressed	 ﾠ
and	 ﾠare	 ﾠhighly	 ﾠoverlapping	 ﾠthroughout	 ﾠzebrafish	 ﾠdevelopment	 ﾠand	 ﾠthat	 ﾠwithin	 ﾠthe	 ﾠ
neural	 ﾠepithelium	 ﾠtheir	 ﾠexpression	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠneural	 ﾠprogenitors.	 ﾠ
Plzf	 ﾠprotein	 ﾠexpression	 ﾠ
The	 ﾠpreviously	 ﾠcharacterised	 ﾠzfPlzf	 ﾠAb	 ﾠ(Figure	 ﾠ3-ﾭ‐2)	 ﾠwas	 ﾠused	 ﾠto	 ﾠanalyse	 ﾠ
endogenous	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠembryo	 ﾠduring	 ﾠthe	 ﾠinitial	 ﾠ24	 ﾠ
hours	 ﾠof	 ﾠdevelopment	 ﾠ(Figure	 ﾠ4-ﾭ‐3a-ﾭ‐d).	 ﾠ	 ﾠAlthough	 ﾠnot	 ﾠcompletely	 ﾠclear	 ﾠfrom	 ﾠthese	 ﾠ
low	 ﾠmagnification	 ﾠviews,	 ﾠthe	 ﾠantibody	 ﾠstaining	 ﾠappeared	 ﾠto	 ﾠgive	 ﾠa	 ﾠsimilar	 ﾠexpression	 ﾠ
pattern	 ﾠas	 ﾠfor	 ﾠthe	 ﾠRNA	 ﾠfor	 ﾠplzfa	 ﾠand	 ﾠplzfb,	 ﾠwith	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠexpression	 ﾠthroughout	 ﾠ
the	 ﾠdeveloping	 ﾠnervous	 ﾠsystem.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠor	 ﾠnot	 ﾠPlzf	 ﾠ
expression	 ﾠoccurs	 ﾠin	 ﾠdifferentiated	 ﾠneurons,	 ﾠI	 ﾠcarried	 ﾠout	 ﾠIHC	 ﾠwith	 ﾠboth	 ﾠzfPlzf	 ﾠAb	 ﾠand	 ﾠ
to	 ﾠdetect	 ﾠHuC/D.	 ﾠ	 ﾠExamining	 ﾠthe	 ﾠhindbrain	 ﾠin	 ﾠdetail	 ﾠshows	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠ
within	 ﾠthe	 ﾠnucleus	 ﾠof	 ﾠneural	 ﾠprogenitor	 ﾠcells,	 ﾠand	 ﾠis	 ﾠexcluded	 ﾠfrom	 ﾠthe	 ﾠpost-ﾭ‐mitotic,	 ﾠ
differentiated	 ﾠneurons	 ﾠ(Figure	 ﾠ4-ﾭ‐3e-ﾭ‐g).	 ﾠ	 ﾠAs	 ﾠsuggested	 ﾠby	 ﾠthe	 ﾠISH	 ﾠresults,	 ﾠexpression	 ﾠis	 ﾠ	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Figure	 ﾠ4-ﾭ‐2:	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠexpression	 ﾠduring	 ﾠdevelopment	 ﾠ
Zebrafish	 ﾠcartoons	 ﾠindicate	 ﾠdifferent	 ﾠimaging	 ﾠpositions	 ﾠused	 ﾠthroughout	 ﾠthis	 ﾠthesis.	 ﾠ	 ﾠ
Dorsal	 ﾠview	 ﾠ(DV)	 ﾠimages	 ﾠare	 ﾠtaken	 ﾠfrom	 ﾠembryos	 ﾠflat	 ﾠmounted	 ﾠon	 ﾠtheir	 ﾠventral	 ﾠ
surface.	 ﾠ	 ﾠTransverse	 ﾠsections	 ﾠ(TS)	 ﾠare	 ﾠobtained	 ﾠby	 ﾠsectioning	 ﾠembryos	 ﾠat	 ﾠdifferent	 ﾠ
points	 ﾠalong	 ﾠthe	 ﾠanterior-ﾭ‐posterior	 ﾠaxis.	 ﾠ	 ﾠSagittal	 ﾠviews	 ﾠ(SV)	 ﾠare	 ﾠtaken	 ﾠfrom	 ﾠwhole	 ﾠ
embryos	 ﾠmounted	 ﾠon	 ﾠtheir	 ﾠside.	 ﾠ
a-ﾭ‐l:	 ﾠWhole	 ﾠmount	 ﾠISH	 ﾠDV	 ﾠimages	 ﾠtaken	 ﾠof	 ﾠdeveloping	 ﾠzebrafish	 ﾠembryos	 ﾠfrom	 ﾠ11	 ﾠto	 ﾠ
44	 ﾠhpf	 ﾠfor	 ﾠplzfa	 ﾠ(a-ﾭ‐f)	 ﾠand	 ﾠplzfb	 ﾠ(g-ﾭ‐l).	 ﾠ	 ﾠBoth	 ﾠgenes	 ﾠshow	 ﾠdynamic	 ﾠexpression	 ﾠpatterns	 ﾠas	 ﾠ
described	 ﾠwithin	 ﾠthe	 ﾠtext.	 ﾠ	 ﾠRegions	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠare	 ﾠlabelled	 ﾠas	 ﾠin	 ﾠthe	 ﾠkey.	 ﾠ	 ﾠThe	 ﾠ
developing	 ﾠotic	 ﾠvesicle	 ﾠis	 ﾠindicated	 ﾠby	 ﾠdotted	 ﾠlines	 ﾠ(c	 ﾠ&	 ﾠi),	 ﾠas	 ﾠare	 ﾠthe	 ﾠemerging	 ﾠ
pectoral	 ﾠfins	 ﾠ(f).	 ﾠ	 ﾠThe	 ﾠboxed	 ﾠregion	 ﾠshowing	 ﾠthe	 ﾠdigestive	 ﾠsystem	 ﾠis	 ﾠdisplayed	 ﾠat	 ﾠa	 ﾠ
higher	 ﾠmagnification	 ﾠwithin	 ﾠthe	 ﾠinset	 ﾠ(l)	 ﾠwith	 ﾠthe	 ﾠliver	 ﾠand	 ﾠpancreatic	 ﾠbud	 ﾠmarked	 ﾠby	 ﾠ
arrows.	 ﾠ
m	 ﾠ&	 ﾠn:	 ﾠSegmental	 ﾠexpression	 ﾠof	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠat	 ﾠ20	 ﾠhpf.	 ﾠ	 ﾠRhombomeres	 ﾠ(r1-ﾭ‐r6)	 ﾠare	 ﾠ
identified	 ﾠbased	 ﾠon	 ﾠmorphological	 ﾠcharacteristics	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠotic	 ﾠvesicle	 ﾠ(indicated),	 ﾠ
which	 ﾠacts	 ﾠas	 ﾠa	 ﾠrough	 ﾠguide	 ﾠfor	 ﾠr5.	 ﾠ
a-ﾭ‐l:	 ﾠTransverse	 ﾠsections	 ﾠthrough	 ﾠthe	 ﾠhindbrain	 ﾠshow	 ﾠexpression	 ﾠof	 ﾠsox3	 ﾠ(o	 ﾠ&	 ﾠr),	 ﾠplzfa	 ﾠ
(p	 ﾠ&	 ﾠs)	 ﾠand	 ﾠplzfb	 ﾠ(q	 ﾠ&	 ﾠt)	 ﾠat	 ﾠ24	 ﾠand	 ﾠ44	 ﾠhpf.	 ﾠ	 ﾠAll	 ﾠsections	 ﾠwere	 ﾠtaken	 ﾠwhere	 ﾠthe	 ﾠotic	 ﾠ
vesicle	 ﾠcould	 ﾠbe	 ﾠidentified	 ﾠ(dashed	 ﾠline	 ﾠin	 ﾠo	 ﾠ&	 ﾠr).	 ﾠ	 ﾠArrowheads	 ﾠindicate	 ﾠthe	 ﾠdorsal-ﾭ‐
most	 ﾠregion	 ﾠof	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠwhere	 ﾠplzfa	 ﾠexpression	 ﾠis	 ﾠlacking	 ﾠ(s).	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ100	 ﾠμm.	 ﾠ
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not	 ﾠconfined	 ﾠto	 ﾠthe	 ﾠdeveloping	 ﾠneural	 ﾠepithelium	 ﾠand	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠalso	 ﾠ
observed	 ﾠin	 ﾠtissues	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠotic	 ﾠvesicle.	 ﾠ
Transverse	 ﾠsections	 ﾠthrough	 ﾠthe	 ﾠhindbrain	 ﾠat	 ﾠ24	 ﾠhpf	 ﾠreveal	 ﾠPlzf	 ﾠprotein	 ﾠwithin	 ﾠ
the	 ﾠventricular	 ﾠzone,	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠRNA	 ﾠexpression	 ﾠpatterns	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2o-ﾭ‐q.	 ﾠ	 ﾠAt	 ﾠ44	 ﾠ
hpf,	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠis	 ﾠobserved	 ﾠthroughout	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠexcept	 ﾠfor	 ﾠ
the	 ﾠdorsal-ﾭ‐most	 ﾠregion	 ﾠ(Figure	 ﾠ4-ﾭ‐3k-ﾭ‐n).	 ﾠ	 ﾠThis	 ﾠis	 ﾠreminiscent	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠRNA	 ﾠ
expression	 ﾠpattern	 ﾠshown	 ﾠpreviously	 ﾠ(Figure	 ﾠ4-ﾭ‐2s).	 ﾠ	 ﾠStudying	 ﾠthese	 ﾠsections	 ﾠat	 ﾠa	 ﾠ
higher	 ﾠmagnification	 ﾠshows	 ﾠthat	 ﾠat	 ﾠthis	 ﾠstage	 ﾠthere	 ﾠare	 ﾠsome	 ﾠcells	 ﾠthat	 ﾠexpress	 ﾠboth	 ﾠ
Plzf	 ﾠand	 ﾠHuC/D	 ﾠ(Figure	 ﾠ4-ﾭ‐3k’-ﾭ‐n’).	 ﾠ	 ﾠThis	 ﾠindicates	 ﾠthat	 ﾠthere	 ﾠare	 ﾠsome	 ﾠterminally	 ﾠ
differentiated	 ﾠneurons	 ﾠthat	 ﾠcoexpress	 ﾠPlzf	 ﾠwithin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain,	 ﾠand	 ﾠ
potential	 ﾠreasons	 ﾠfor	 ﾠthis	 ﾠobservation	 ﾠwill	 ﾠbe	 ﾠdiscussed	 ﾠlater.	 ﾠ	 ﾠIn	 ﾠall	 ﾠcells	 ﾠwhere	 ﾠPlzf	 ﾠ
was	 ﾠexpressed	 ﾠit	 ﾠwas	 ﾠnuclear	 ﾠand	 ﾠroughly	 ﾠsimilar	 ﾠlevels	 ﾠof	 ﾠPlzf	 ﾠstaining	 ﾠwere	 ﾠ
observed	 ﾠacross	 ﾠthe	 ﾠanterior-ﾭ‐posterior	 ﾠand	 ﾠdorsal-ﾭ‐ventral	 ﾠaxes	 ﾠwithin	 ﾠthe	 ﾠhindbrain.	 ﾠ
The	 ﾠsimilarity	 ﾠbetween	 ﾠthe	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠRNA	 ﾠexpression	 ﾠpatterns	 ﾠ(Figure	 ﾠ
4-ﾭ‐2)	 ﾠmeant	 ﾠthat	 ﾠit	 ﾠwas	 ﾠdifficult	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠwas	 ﾠcapable	 ﾠof	 ﾠ
detecting	 ﾠboth	 ﾠproteins	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠembryo.	 ﾠ	 ﾠTo	 ﾠexamine	 ﾠthis	 ﾠfurther,	 ﾠI	 ﾠused	 ﾠ
anti-ﾭ‐sense	 ﾠmorpholinos	 ﾠ(MOs)	 ﾠto	 ﾠknockdown	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠprotein	 ﾠtranslation	 ﾠ
separately	 ﾠand	 ﾠanalysed	 ﾠthe	 ﾠresulting	 ﾠprotein	 ﾠexpression	 ﾠpattern	 ﾠusing	 ﾠthe	 ﾠantibody.	 ﾠ	 ﾠ
Surprisingly,	 ﾠthe	 ﾠplzfa	 ﾠMO	 ﾠwas	 ﾠable	 ﾠto	 ﾠgreatly	 ﾠreduce	 ﾠstaining	 ﾠin	 ﾠzebrafish,	 ﾠwhilst	 ﾠthe	 ﾠ
plzfb	 ﾠMO	 ﾠhad	 ﾠno	 ﾠclear	 ﾠeffect	 ﾠon	 ﾠexpression	 ﾠ(Figure	 ﾠ4-ﾭ‐4a-ﾭ‐c).	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠexamine	 ﾠthis	 ﾠfurther,	 ﾠI	 ﾠattempted	 ﾠto	 ﾠdetect	 ﾠthe	 ﾠPlzfa	 ﾠor	 ﾠPlzfb	 ﾠ
protein	 ﾠwithin	 ﾠzebrafish	 ﾠby	 ﾠperforming	 ﾠWestern	 ﾠBlots	 ﾠon	 ﾠMO	 ﾠinjected	 ﾠembryo	 ﾠlysates	 ﾠ
using	 ﾠthe	 ﾠzfPlzf	 ﾠAb.	 ﾠ	 ﾠAlthough	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠclearly	 ﾠdetect	 ﾠthe	 ﾠHA-ﾭ‐tagged	 ﾠPlzfa	 ﾠprotein	 ﾠ
when	 ﾠtransfected	 ﾠinto	 ﾠHEK293	 ﾠcells	 ﾠusing	 ﾠthis	 ﾠmethod,	 ﾠI	 ﾠdid	 ﾠnot	 ﾠobserve	 ﾠany	 ﾠband	 ﾠat	 ﾠ
the	 ﾠexpected	 ﾠsize	 ﾠwithin	 ﾠlysates	 ﾠobtained	 ﾠfrom	 ﾠzebrafish	 ﾠembryos	 ﾠ(Figure	 ﾠ4-ﾭ‐4d).	 ﾠ	 ﾠI	 ﾠ
therefore	 ﾠwas	 ﾠonly	 ﾠable	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠPlzf	 ﾠprotein	 ﾠby	 ﾠIHC.	 ﾠ
There	 ﾠare	 ﾠa	 ﾠnumber	 ﾠof	 ﾠpossible	 ﾠexplanations	 ﾠwhy	 ﾠthe	 ﾠplzfa	 ﾠMO	 ﾠabolishes	 ﾠthe	 ﾠ
antibody	 ﾠstaining	 ﾠand	 ﾠwhy	 ﾠthe	 ﾠplzfb	 ﾠMO	 ﾠhas	 ﾠno	 ﾠdiscernable	 ﾠeffect.	 ﾠ	 ﾠIf	 ﾠthe	 ﾠPlzfa	 ﾠ
protein	 ﾠis	 ﾠable	 ﾠto	 ﾠdrive	 ﾠtranscription	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠgene	 ﾠthen	 ﾠknocking	 ﾠdown	 ﾠPlzfa	 ﾠ
could	 ﾠresult	 ﾠin	 ﾠa	 ﾠdecrease	 ﾠof	 ﾠplzfb	 ﾠtranscripts	 ﾠand	 ﾠtherefore	 ﾠPlzfb	 ﾠprotein	 ﾠproduction.	 ﾠ	 ﾠ
To	 ﾠtest	 ﾠthis,	 ﾠI	 ﾠcarried	 ﾠout	 ﾠISH	 ﾠfor	 ﾠplzfb	 ﾠon	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠMO	 ﾠand	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	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Figure	 ﾠ4-ﾭ‐3:	 ﾠMonitoring	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠduring	 ﾠdevelopment	 ﾠ
a-ﾭ‐d:	 ﾠTime	 ﾠcourse	 ﾠof	 ﾠzfPlzf	 ﾠAb	 ﾠstaining	 ﾠshows	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠto	 ﾠbe	 ﾠhighly	 ﾠ
similar	 ﾠto	 ﾠthat	 ﾠsuggested	 ﾠby	 ﾠthe	 ﾠRNA	 ﾠexpression	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2.	 ﾠ	 ﾠThe	 ﾠotic	 ﾠvesicle	 ﾠis	 ﾠ
marked	 ﾠby	 ﾠa	 ﾠdashed	 ﾠline	 ﾠ(c).	 ﾠ
e-ﾭ‐j:	 ﾠEmbryos	 ﾠwere	 ﾠstained	 ﾠfor	 ﾠPlzf	 ﾠand	 ﾠdifferentiated	 ﾠneurons,	 ﾠmarked	 ﾠby	 ﾠHuC/D.	 ﾠ	 ﾠ
Dorsal	 ﾠview	 ﾠat	 ﾠthe	 ﾠhindbrain	 ﾠof	 ﾠ24	 ﾠhpf	 ﾠembryos	 ﾠshows	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠabsent	 ﾠfrom	 ﾠ
differentiated	 ﾠneurons	 ﾠwithin	 ﾠthe	 ﾠneural	 ﾠtube	 ﾠat	 ﾠthis	 ﾠstage,	 ﾠsuch	 ﾠas	 ﾠat	 ﾠthe	 ﾠarrowed	 ﾠ
location	 ﾠ(e-ﾭ‐g).	 ﾠ	 ﾠPlzf	 ﾠcan	 ﾠalso	 ﾠbe	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠotic	 ﾠvesicle	 ﾠ(e).	 ﾠ	 ﾠ
Transverse	 ﾠsections	 ﾠof	 ﾠthe	 ﾠ24	 ﾠhpf	 ﾠ(h-ﾭ‐j)	 ﾠand	 ﾠ44	 ﾠhpf	 ﾠ(k-ﾭ‐n)	 ﾠhindbrain	 ﾠshow	 ﾠPlzf	 ﾠ
expression	 ﾠthroughout	 ﾠthe	 ﾠneural	 ﾠtube.	 ﾠArrows	 ﾠindicate	 ﾠdorsal-ﾭ‐most	 ﾠregion	 ﾠwhere	 ﾠ
Plzf	 ﾠexpression	 ﾠis	 ﾠabsent	 ﾠ(k-ﾭ‐n).	 ﾠ	 ﾠExamining	 ﾠexpression	 ﾠat	 ﾠa	 ﾠhigher	 ﾠmagnification	 ﾠ(box	 ﾠ
in	 ﾠn)	 ﾠreveals	 ﾠthat	 ﾠsome	 ﾠcells	 ﾠexpress	 ﾠboth	 ﾠPlzf	 ﾠand	 ﾠHuC/D,	 ﾠindicated	 ﾠby	 ﾠarrowheads	 ﾠ
(k’-ﾭ‐n’).	 ﾠ	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ100	 ﾠμm	 ﾠ(a-ﾭ‐d)	 ﾠand	 ﾠ20	 ﾠμm	 ﾠ(e-ﾭ‐n’).	 ﾠ	 ﾠKey	 ﾠas	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2.	 ﾠ
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Figure	 ﾠ4-ﾭ‐4:	 ﾠAttempts	 ﾠto	 ﾠdistinguish	 ﾠbetween	 ﾠendogenous	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ
a-ﾭ‐c:	 ﾠMonitoring	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠin	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠcontrol	 ﾠ(a),	 ﾠplzfa	 ﾠ(b)	 ﾠ
or	 ﾠplzfb	 ﾠ(c)	 ﾠMOs	 ﾠusing	 ﾠthe	 ﾠzfPlzf	 ﾠAb.	 ﾠ	 ﾠProtein	 ﾠexpression	 ﾠappears	 ﾠentirely	 ﾠabolished	 ﾠin	 ﾠ
plzfa	 ﾠMO	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠunaffected	 ﾠin	 ﾠplzfb	 ﾠMO	 ﾠinjected	 ﾠat	 ﾠ24	 ﾠhpf.	 ﾠOtic	 ﾠ
vesicle	 ﾠmarked	 ﾠby	 ﾠdashed	 ﾠlines.	 ﾠ
d:	 ﾠAttempts	 ﾠby	 ﾠwestern	 ﾠblot	 ﾠto	 ﾠdetect	 ﾠPlzf	 ﾠprotein.	 ﾠ	 ﾠPools	 ﾠof	 ﾠembryos	 ﾠthat	 ﾠhad	 ﾠbeen	 ﾠ
injected	 ﾠwith	 ﾠthe	 ﾠindicated	 ﾠMOs	 ﾠwere	 ﾠlysed	 ﾠand	 ﾠWestern	 ﾠBlots	 ﾠcarried	 ﾠout	 ﾠon	 ﾠ30	 ﾠμg	 ﾠ
protein	 ﾠusing	 ﾠthe	 ﾠzfPlzf	 ﾠAb.	 ﾠ	 ﾠHEK	 ﾠ293	 ﾠcells	 ﾠtransfected	 ﾠwith	 ﾠHA-ﾭ‐Plzfa	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠ
control.	 ﾠ	 ﾠA	 ﾠband	 ﾠrepresenting	 ﾠHA-ﾭ‐Plzfa	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠin	 ﾠthe	 ﾠcontrol	 ﾠlane	 ﾠand	 ﾠis	 ﾠ
indicated	 ﾠby	 ﾠan	 ﾠasterisk	 ﾠ(*).	 ﾠ	 ﾠNo	 ﾠbands	 ﾠrepresenting	 ﾠPlzfa	 ﾠor	 ﾠPlzfb	 ﾠcan	 ﾠbe	 ﾠdetected	 ﾠin	 ﾠ
any	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠlysates.	 ﾠ	 ﾠα-ﾭ‐tublulin	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠloading	 ﾠconrol.	 ﾠ
Expected	 ﾠsizes	 ﾠin	 ﾠkDa	 ﾠ-ﾭ‐	 ﾠPlzfa	 ﾠ=	 ﾠ74.9;	 ﾠPlzfb	 ﾠ=	 ﾠ74.1;	 ﾠHA-ﾭ‐Plzfa	 ﾠ=	 ﾠ76.4;	 ﾠα-ﾭ‐tublulin	 ﾠ=	 ﾠ50.0.	 ﾠ
e	 ﾠ&	 ﾠf:	 ﾠplzfb	 ﾠtranscript	 ﾠlevels	 ﾠaren’t	 ﾠaffected	 ﾠby	 ﾠPlzfa	 ﾠknockdown.	 ﾠ	 ﾠRepresentative	 ﾠ
plzfb	 ﾠISH	 ﾠat	 ﾠ18	 ﾠhpf	 ﾠinjected	 ﾠwith	 ﾠcontrol	 ﾠ(e)	 ﾠor	 ﾠplzfa	 ﾠ(f)	 ﾠMOs	 ﾠshown.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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observed	 ﾠno	 ﾠsignificant	 ﾠchanges	 ﾠin	 ﾠtranscript	 ﾠlevels	 ﾠwhen	 ﾠcompared	 ﾠto	 ﾠcontrol	 ﾠ
injected	 ﾠembryos	 ﾠ(Figure	 ﾠ4-ﾭ‐4e	 ﾠ&	 ﾠf).	 ﾠ	 ﾠ	 ﾠ
The	 ﾠsimplest	 ﾠexplanation	 ﾠis	 ﾠthat	 ﾠthe	 ﾠlevels	 ﾠof	 ﾠPlzfb	 ﾠprotein	 ﾠare	 ﾠbelow	 ﾠthe	 ﾠ
threshold	 ﾠof	 ﾠdetection	 ﾠby	 ﾠthe	 ﾠzfPlzf	 ﾠAb.	 ﾠ	 ﾠAlthough	 ﾠnot	 ﾠa	 ﾠquantitative	 ﾠtest,	 ﾠthe	 ﾠISH	 ﾠ
results	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2	 ﾠsuggest	 ﾠthat	 ﾠplzfb	 ﾠRNA	 ﾠis	 ﾠexpressed	 ﾠat	 ﾠa	 ﾠlower	 ﾠlevel	 ﾠwhen	 ﾠ
compared	 ﾠwith	 ﾠplzfa.	 ﾠ	 ﾠFurthermore,	 ﾠthere	 ﾠis	 ﾠalso	 ﾠsome	 ﾠevidence	 ﾠthat	 ﾠPlzfb	 ﾠprotein	 ﾠis	 ﾠ
not	 ﾠefficiently	 ﾠtranslated.	 ﾠ	 ﾠA	 ﾠwell-ﾭ‐studied	 ﾠregulator	 ﾠof	 ﾠprotein	 ﾠtranslation	 ﾠis	 ﾠthe	 ﾠ
presence	 ﾠof	 ﾠmultiple	 ﾠopen	 ﾠreading	 ﾠframes	 ﾠupstream	 ﾠof	 ﾠthe	 ﾠstart	 ﾠcodon	 ﾠin	 ﾠthe	 ﾠmRNA	 ﾠ
(Morris	 ﾠand	 ﾠGeballe,	 ﾠ2000).	 ﾠ	 ﾠComparing	 ﾠthe	 ﾠleader	 ﾠsequence	 ﾠfor	 ﾠboth	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠ
reveals	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠan	 ﾠupstream	 ﾠKozak	 ﾠsequence	 ﾠin	 ﾠplzfb	 ﾠthat	 ﾠwould	 ﾠresult	 ﾠin	 ﾠan	 ﾠ
out-ﾭ‐of-ﾭ‐frame	 ﾠprotein	 ﾠbeing	 ﾠproduced	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐1b).	 ﾠ	 ﾠThis	 ﾠsequence	 ﾠis	 ﾠnot	 ﾠ
observed	 ﾠin	 ﾠthe	 ﾠleader	 ﾠsequence	 ﾠfor	 ﾠplzfa	 ﾠand	 ﾠcould	 ﾠpotentially	 ﾠresult	 ﾠin	 ﾠthe	 ﾠplzfb	 ﾠ
transcripts	 ﾠnot	 ﾠbeing	 ﾠefficiently	 ﾠtranslated	 ﾠinto	 ﾠPlzfb	 ﾠprotein.	 ﾠ	 ﾠ
Taken	 ﾠaltogether,	 ﾠthese	 ﾠresults	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠdetect	 ﾠ
the	 ﾠpresence	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠwithin	 ﾠthe	 ﾠdeveloping	 ﾠnervous	 ﾠsystem,	 ﾠshowing	 ﾠthat	 ﾠ
the	 ﾠnuclear	 ﾠprotein	 ﾠis	 ﾠwidespread	 ﾠthroughout	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠlargely	 ﾠabsent	 ﾠ
from	 ﾠdifferentiated	 ﾠcells	 ﾠin	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠThe	 ﾠantibody	 ﾠalso	 ﾠprovides	 ﾠa	 ﾠsimple	 ﾠ
method	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠextent	 ﾠof	 ﾠplzfa	 ﾠMO	 ﾠknockdown.	 ﾠ	 ﾠ	 ﾠ
4.3  Neurogenesis	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠ
Having	 ﾠestablished	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠpresent	 ﾠwithin	 ﾠthe	 ﾠproliferating	 ﾠneural	 ﾠ
progenitor	 ﾠcells	 ﾠthat	 ﾠreside	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠabsent	 ﾠfrom	 ﾠthe	 ﾠpost-ﾭ‐
mitotic	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠmantle	 ﾠzone,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠdetermine	 ﾠwhere	 ﾠin	 ﾠthe	 ﾠneurogenic	 ﾠ
cascade	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠdownregulated.	 ﾠ	 ﾠI	 ﾠalso	 ﾠaimed	 ﾠto	 ﾠinvestigate	 ﾠdifferent	 ﾠ
markers	 ﾠof	 ﾠneurogenesis	 ﾠfor	 ﾠuse	 ﾠin	 ﾠPlzf	 ﾠfunctional	 ﾠanalysis.	 ﾠ	 ﾠTo	 ﾠdo	 ﾠthis,	 ﾠI	 ﾠchose	 ﾠthe	 ﾠ44	 ﾠ
hpf	 ﾠzebrafish	 ﾠhindbrain	 ﾠwhen	 ﾠthere	 ﾠis	 ﾠa	 ﾠstereotyped	 ﾠpattern	 ﾠof	 ﾠneuronal	 ﾠ
differentiation	 ﾠ(Amoyel	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ
Comparison	 ﾠwith	 ﾠprogenitor	 ﾠmarkers	 ﾠ
I	 ﾠbegan	 ﾠby	 ﾠusing	 ﾠavailable	 ﾠantibodies	 ﾠto	 ﾠstudy	 ﾠprogenitors	 ﾠand	 ﾠneuronal	 ﾠ
differentiation	 ﾠin	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠSox2	 ﾠis	 ﾠa	 ﾠknown	 ﾠstem	 ﾠcell	 ﾠmarker	 ﾠ(Graham	 ﾠet	 ﾠal.,	 ﾠ
2003)	 ﾠand	 ﾠexamining	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠreveals	 ﾠthat,	 ﾠin	 ﾠthe	 ﾠ
neural	 ﾠtube,	 ﾠit	 ﾠis	 ﾠrestricted	 ﾠto	 ﾠcells	 ﾠin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠ(Figure	 ﾠ4-ﾭ‐5b-ﾭ‐d).	 ﾠ	 ﾠAt	 ﾠthis	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stage	 ﾠin	 ﾠdevelopment,	 ﾠthe	 ﾠstalk	 ﾠof	 ﾠthe	 ﾠT-ﾭ‐shaped	 ﾠventricular	 ﾠzone	 ﾠcan	 ﾠbe	 ﾠseen	 ﾠalong	 ﾠ
the	 ﾠmidline	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠin	 ﾠdorsal	 ﾠviews	 ﾠ(Figure	 ﾠ4-ﾭ‐5a).	 ﾠ	 ﾠThe	 ﾠpan-ﾭ‐neuronal	 ﾠmarker,	 ﾠ
HuC/D,	 ﾠreveals	 ﾠa	 ﾠstereotypical	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠ
zone	 ﾠsurrounded	 ﾠby	 ﾠgaps	 ﾠ(Figure	 ﾠ4-ﾭ‐5c	 ﾠ&	 ﾠf).	 ﾠ	 ﾠExamining	 ﾠPlzf	 ﾠexpression	 ﾠat	 ﾠthe	 ﾠsame	 ﾠ
stage	 ﾠreveals	 ﾠthat	 ﾠas	 ﾠwell	 ﾠas	 ﾠbeing	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone,	 ﾠPlzf	 ﾠprotein	 ﾠ
is	 ﾠobserved	 ﾠwithin	 ﾠcells	 ﾠthat	 ﾠextend	 ﾠinto	 ﾠthese	 ﾠgaps	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠ(Figure	 ﾠ
4-ﾭ‐5e-ﾭ‐g).	 ﾠ	 ﾠThis	 ﾠanalysis	 ﾠposed	 ﾠtwo	 ﾠrelated	 ﾠquestions:	 ﾠfirst,	 ﾠwhy	 ﾠare	 ﾠthe	 ﾠneuronal	 ﾠcell	 ﾠ
bodies	 ﾠarranged	 ﾠin	 ﾠthis	 ﾠpattern;	 ﾠsecond,	 ﾠwhat	 ﾠare	 ﾠthese	 ﾠPlzf-ﾭ‐expressing	 ﾠcells	 ﾠoutside	 ﾠ
the	 ﾠventricular	 ﾠzone?	 ﾠ
Previous	 ﾠwork	 ﾠhas	 ﾠshown	 ﾠthat	 ﾠat	 ﾠthis	 ﾠstage	 ﾠin	 ﾠdevelopment,	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠ
progenitor	 ﾠcells	 ﾠare	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠ(Lyons	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠThese	 ﾠmitotically	 ﾠactive	 ﾠcells	 ﾠ
are	 ﾠin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠextend	 ﾠglial	 ﾠfibres	 ﾠto	 ﾠcontact	 ﾠthe	 ﾠpial	 ﾠsurface	 ﾠat	 ﾠ
locations	 ﾠadjacent	 ﾠto	 ﾠthe	 ﾠrhombomere	 ﾠboundaries	 ﾠ(Trevarrow	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠI	 ﾠaimed	 ﾠ
to	 ﾠexamine	 ﾠwhether	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthese	 ﾠfibres	 ﾠin	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠcould	 ﾠaccount	 ﾠ
for	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠHuC/D	 ﾠcells.	 ﾠ	 ﾠI	 ﾠmade	 ﾠuse	 ﾠof	 ﾠa	 ﾠgfap:gfp	 ﾠtransgenic	 ﾠzebrafish	 ﾠline	 ﾠthat	 ﾠ
expresses	 ﾠGFP	 ﾠin	 ﾠthe	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠ(Bernardos	 ﾠand	 ﾠRaymond,	 ﾠ2006,	 ﾠKim	 ﾠet	 ﾠal.,	 ﾠ
2008).	 ﾠ
At	 ﾠ28	 ﾠhpf,	 ﾠI	 ﾠcompared	 ﾠgfap-ﾭ‐driven	 ﾠGFP	 ﾠexpression	 ﾠwith	 ﾠthat	 ﾠof	 ﾠPlzf	 ﾠand	 ﾠHuC/D	 ﾠ
in	 ﾠthe	 ﾠhindbrain	 ﾠ(Figure	 ﾠ4-ﾭ‐5h-ﾭ‐k).	 ﾠ	 ﾠGFP	 ﾠexpression	 ﾠoverlaps	 ﾠwith	 ﾠthat	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠ
neural	 ﾠepithelium	 ﾠand	 ﾠis	 ﾠabsent	 ﾠfrom	 ﾠneuronal	 ﾠcells.	 ﾠ	 ﾠExamining	 ﾠthis	 ﾠreporter	 ﾠline	 ﾠat	 ﾠ
44	 ﾠhpf	 ﾠin	 ﾠa	 ﾠsagittal	 ﾠview	 ﾠshows	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠin	 ﾠthe	 ﾠ
fibres	 ﾠextending	 ﾠfrom	 ﾠthe	 ﾠventricular	 ﾠto	 ﾠthe	 ﾠpial	 ﾠsurface,	 ﾠthrough	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠ
(Figure	 ﾠ4-ﾭ‐5l-ﾭ‐n).	 ﾠ	 ﾠThe	 ﾠfibres	 ﾠcan	 ﾠalso	 ﾠbe	 ﾠobserved	 ﾠusing	 ﾠan	 ﾠantibody	 ﾠagainst	 ﾠGFAP	 ﾠ
(Figure	 ﾠ4-ﾭ‐5m).	 ﾠ	 ﾠ	 ﾠ
As	 ﾠexpected,	 ﾠall	 ﾠcells	 ﾠof	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠexpress	 ﾠgfap,	 ﾠindicating	 ﾠthat	 ﾠthey	 ﾠ
are	 ﾠradial	 ﾠglial	 ﾠcells,	 ﾠand	 ﾠthe	 ﾠfibres	 ﾠare	 ﾠarranged	 ﾠin	 ﾠbundles	 ﾠthat	 ﾠextend	 ﾠfrom	 ﾠ
locations	 ﾠadjacent	 ﾠto	 ﾠrhombomere	 ﾠboundaries	 ﾠ(arrows	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐5l’-ﾭ‐n’).	 ﾠ	 ﾠgfap	 ﾠ
expressing	 ﾠcells	 ﾠcan	 ﾠalso	 ﾠbe	 ﾠobserved	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠfibres	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠ
zone	 ﾠ(asterisks	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐5l’-ﾭ‐n’).	 ﾠ	 ﾠThese	 ﾠcells	 ﾠhave	 ﾠexited	 ﾠthe	 ﾠcell	 ﾠcycle	 ﾠand	 ﾠare	 ﾠ
beginning	 ﾠto	 ﾠmigrate	 ﾠalong	 ﾠthe	 ﾠfibres	 ﾠwhilst	 ﾠundergoing	 ﾠthe	 ﾠneurogenic	 ﾠcascade,	 ﾠ
before	 ﾠterminal	 ﾠdifferentiation	 ﾠwhen	 ﾠthey	 ﾠreach	 ﾠtheir	 ﾠfinal	 ﾠposition	 ﾠin	 ﾠthe	 ﾠmantle	 ﾠ
zone.	 ﾠ	 ﾠFor	 ﾠthe	 ﾠremainder	 ﾠof	 ﾠmy	 ﾠthesis	 ﾠI	 ﾠshall	 ﾠclass	 ﾠthese	 ﾠcells	 ﾠas	 ﾠdifferentiating	 ﾠcells.	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 ﾠ4:	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Figure	 ﾠ4-ﾭ‐5:	 ﾠPlzf	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠis	 ﾠnot	 ﾠrestricted	 ﾠto	 ﾠcells	 ﾠof	 ﾠ
the	 ﾠventricular	 ﾠzone	 ﾠ
a:	 ﾠCartoon	 ﾠof	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠtransverse	 ﾠsection	 ﾠhindbrain.	 ﾠ	 ﾠDotted	 ﾠlines	 ﾠindicate	 ﾠposition	 ﾠ
where	 ﾠconfocal	 ﾠsections	 ﾠwere	 ﾠtaken	 ﾠfor	 ﾠDV	 ﾠ(blue	 ﾠline)	 ﾠand	 ﾠSV	 ﾠ(red	 ﾠline)	 ﾠimages.	 ﾠ
b-ﾭ‐g:	 ﾠDV	 ﾠconfocal	 ﾠimages	 ﾠcomparing	 ﾠSox2	 ﾠ(b)	 ﾠexpression	 ﾠto	 ﾠPlzf	 ﾠ(e)	 ﾠexpression	 ﾠwithin	 ﾠ
the	 ﾠ44	 ﾠhpf	 ﾠhindbrain.	 ﾠ	 ﾠWhilst	 ﾠSox2	 ﾠis	 ﾠrestricted	 ﾠto	 ﾠthe	 ﾠthin	 ﾠstripe	 ﾠrepresenting	 ﾠthe	 ﾠ
ventricular	 ﾠzone,	 ﾠPlzf	 ﾠexpression	 ﾠextends	 ﾠinto	 ﾠthe	 ﾠmantle	 ﾠzone,	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠgaps	 ﾠin	 ﾠ
HuC/D	 ﾠexpression	 ﾠ(f).	 ﾠ	 ﾠ
h-ﾭ‐n:	 ﾠTransgenic	 ﾠgfap:gfp	 ﾠembryos	 ﾠexpress	 ﾠGFP	 ﾠin	 ﾠneural	 ﾠprogenitors.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠ28	 ﾠhpf	 ﾠ
hindbrain,	 ﾠGFP	 ﾠexpression	 ﾠ(h)	 ﾠoverlaps	 ﾠwith	 ﾠPlzf	 ﾠprotein	 ﾠ(i)	 ﾠwithin	 ﾠthe	 ﾠneural	 ﾠtube.	 ﾠ	 ﾠ
GFP	 ﾠprotein	 ﾠis	 ﾠnot	 ﾠpresent	 ﾠin	 ﾠpost-ﾭ‐mitotic	 ﾠneurons	 ﾠ(j).	 ﾠ	 ﾠRhombomeres	 ﾠare	 ﾠlabelled	 ﾠr1	 ﾠ
–	 ﾠr6	 ﾠand	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠGFP	 ﾠexpression	 ﾠare	 ﾠobserved	 ﾠin	 ﾠr4	 ﾠ(h	 ﾠ&	 ﾠl).	 ﾠ	 ﾠ44	 ﾠhpf	 ﾠtransgenic	 ﾠ
embryos	 ﾠwere	 ﾠexamined	 ﾠalong	 ﾠwith	 ﾠan	 ﾠantibody	 ﾠagainst	 ﾠGFAP	 ﾠfibres.	 ﾠ	 ﾠMost	 ﾠGFP	 ﾠ
expressing	 ﾠcells	 ﾠexist	 ﾠat	 ﾠthe	 ﾠventricular	 ﾠsurface	 ﾠand	 ﾠextend	 ﾠtheir	 ﾠfibres	 ﾠin	 ﾠbundles	 ﾠ
adjacent	 ﾠto	 ﾠrhombomere	 ﾠboundaries	 ﾠand	 ﾠcontact	 ﾠthe	 ﾠpial	 ﾠsurface	 ﾠ(l-ﾭ‐n).	 ﾠ	 ﾠHigher	 ﾠ
magnification	 ﾠimages	 ﾠof	 ﾠl-ﾭ‐n	 ﾠare	 ﾠdisplayed	 ﾠin	 ﾠl’-ﾭ‐n’.	 ﾠ	 ﾠSome	 ﾠGFP	 ﾠpositive	 ﾠcells	 ﾠcan	 ﾠbe	 ﾠ
observed	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠattached	 ﾠto	 ﾠthe	 ﾠfibres	 ﾠ(examples	 ﾠmarked	 ﾠby	 ﾠ
asterisk	 ﾠin	 ﾠl’	 ﾠ&	 ﾠn’).	 ﾠ	 ﾠArrows	 ﾠindicate	 ﾠregions	 ﾠwhere	 ﾠthe	 ﾠfibres	 ﾠare	 ﾠextending	 ﾠand	 ﾠ
arrowheads	 ﾠmark	 ﾠrhombomere	 ﾠboundaries	 ﾠ(l’-ﾭ‐n’).	 ﾠ
n-ﾭ‐r:	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠcells	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone.	 ﾠ	 ﾠA	 ﾠsagittal	 ﾠview	 ﾠof	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠ
hindbrain	 ﾠshows	 ﾠstreams	 ﾠof	 ﾠcells	 ﾠexpressing	 ﾠPlzf	 ﾠ(o)	 ﾠmigrating	 ﾠalong	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠ
(q).	 ﾠThese	 ﾠstreams	 ﾠrepresent	 ﾠthe	 ﾠsame	 ﾠcells	 ﾠas	 ﾠin	 ﾠthe	 ﾠstripes	 ﾠin	 ﾠthe	 ﾠdorsal	 ﾠview	 ﾠ(e).	 ﾠ	 ﾠ
Higher	 ﾠmagnification	 ﾠimages	 ﾠof	 ﾠo-ﾭ‐n	 ﾠare	 ﾠdisplayed	 ﾠin	 ﾠo’-ﾭ‐n’.	 ﾠ	 ﾠ
	 ﾠ	 ﾠ
Embryo	 ﾠorientations	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2	 ﾠcartoons.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm	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Figure	 ﾠ4-ﾭ‐5	 ﾠ
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Examining	 ﾠPlzf	 ﾠexpression	 ﾠfrom	 ﾠthe	 ﾠsagittal	 ﾠview	 ﾠshows	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠ
in	 ﾠat	 ﾠleast	 ﾠsome	 ﾠof	 ﾠthese	 ﾠdifferentiating	 ﾠcells	 ﾠ(Figure	 ﾠ4-ﾭ‐5o).	 ﾠ	 ﾠFrom	 ﾠthese	 ﾠimages	 ﾠit	 ﾠ
appears	 ﾠthat	 ﾠit	 ﾠis	 ﾠnot	 ﾠonly	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠthat	 ﾠare	 ﾠpreventing	 ﾠthe	 ﾠneuronal	 ﾠcell	 ﾠbodies	 ﾠ
from	 ﾠoccupying	 ﾠspace	 ﾠin	 ﾠthe	 ﾠmantle	 ﾠzone,	 ﾠbut	 ﾠit	 ﾠis	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠmigrating	 ﾠcells	 ﾠ
themselves	 ﾠ(Figure	 ﾠ4-ﾭ‐5o-ﾭ‐r).	 ﾠ	 ﾠThis	 ﾠanalysis	 ﾠreveals	 ﾠthat	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠnot	 ﾠrestricted	 ﾠ
to	 ﾠthe	 ﾠventricular	 ﾠzone,	 ﾠbut	 ﾠalso	 ﾠoccurs	 ﾠin	 ﾠdifferentiating	 ﾠcells	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠ
and	 ﾠthat	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthese	 ﾠcells	 ﾠcontributes	 ﾠto	 ﾠthe	 ﾠstereotypical	 ﾠpattern	 ﾠof	 ﾠ
neuronal	 ﾠcell	 ﾠbodies	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠhindbrain.	 ﾠ
Comparison	 ﾠwith	 ﾠneurogenic	 ﾠcascade	 ﾠmarkers	 ﾠ
Evidence	 ﾠthat	 ﾠthese	 ﾠmigrating	 ﾠcells	 ﾠare	 ﾠactively	 ﾠundergoing	 ﾠneurogenesis	 ﾠ
come	 ﾠfrom	 ﾠthe	 ﾠknowledge	 ﾠthat	 ﾠvarious	 ﾠproneural	 ﾠgenes	 ﾠare	 ﾠexpressed	 ﾠadjacent	 ﾠto	 ﾠ
the	 ﾠrhombomere	 ﾠboundaries	 ﾠ(Amoyel	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠGonzalez-ﾭ‐Quevedo	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
Proliferating	 ﾠprogenitor	 ﾠcells	 ﾠcontain	 ﾠlow,	 ﾠor	 ﾠoscillating,	 ﾠlevels	 ﾠof	 ﾠthe	 ﾠproneural	 ﾠgene	 ﾠ
neurog1,	 ﾠwhich	 ﾠremains	 ﾠat	 ﾠhigh	 ﾠlevels	 ﾠin	 ﾠcells	 ﾠthat	 ﾠhave	 ﾠinitiated	 ﾠneurogenesis	 ﾠ(Kim	 ﾠ
et	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠneurod4	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠdifferentiating,	 ﾠmigrating	 ﾠcells	 ﾠprior	 ﾠto	 ﾠterminal	 ﾠ
differentiation	 ﾠ(Roztocil	 ﾠet	 ﾠal.,	 ﾠ1997,	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠAt	 ﾠ44	 ﾠhpf,	 ﾠexpression	 ﾠof	 ﾠ
both	 ﾠgenes	 ﾠwas	 ﾠobserved	 ﾠat	 ﾠlocations	 ﾠflanking	 ﾠthe	 ﾠrhombomere	 ﾠboundaries,	 ﾠoutside	 ﾠ
of	 ﾠthe	 ﾠSox2	 ﾠexpressing	 ﾠcells	 ﾠ(Figure	 ﾠ4-ﾭ‐6a-ﾭ‐c).	 ﾠ	 ﾠSome	 ﾠcells	 ﾠexpressing	 ﾠboth	 ﾠneurog1	 ﾠand	 ﾠ
neurod4	 ﾠare	 ﾠobserved	 ﾠnear	 ﾠthe	 ﾠventricular	 ﾠsurface	 ﾠand	 ﾠcells	 ﾠexpressing	 ﾠonly	 ﾠneurod4	 ﾠ
are	 ﾠlocated	 ﾠin	 ﾠmore	 ﾠbasal	 ﾠpositions.	 ﾠ
I	 ﾠmade	 ﾠattempts	 ﾠto	 ﾠcombine	 ﾠthe	 ﾠISH	 ﾠfor	 ﾠthese	 ﾠgenes	 ﾠwith	 ﾠIHC	 ﾠusing	 ﾠzfPlzf	 ﾠAb,	 ﾠ
but	 ﾠcouldn’t	 ﾠdetect	 ﾠa	 ﾠsignal	 ﾠfor	 ﾠPlzf	 ﾠprotein.	 ﾠ	 ﾠInstead,	 ﾠI	 ﾠcarried	 ﾠout	 ﾠa	 ﾠdouble	 ﾠISH	 ﾠfor	 ﾠ
plzfa	 ﾠand	 ﾠneurod4	 ﾠ(Figure	 ﾠ4-ﾭ‐6d-ﾭ‐f).	 ﾠ	 ﾠSimilar	 ﾠto	 ﾠthe	 ﾠPlzfa	 ﾠprotein,	 ﾠplzfa	 ﾠtranscripts	 ﾠcan	 ﾠ
be	 ﾠdetected	 ﾠin	 ﾠcells	 ﾠboth	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠalso	 ﾠin	 ﾠthe	 ﾠstreams	 ﾠof	 ﾠcells	 ﾠ
on	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠ(Figure	 ﾠ4-ﾭ‐6d).	 ﾠ	 ﾠSome	 ﾠcoexpression	 ﾠis	 ﾠobserved	 ﾠwith	 ﾠneurod4	 ﾠ
(arrows	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐6f’),	 ﾠbut	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠexpression	 ﾠis	 ﾠobserved	 ﾠapical	 ﾠto	 ﾠthe	 ﾠ
neurod4	 ﾠexpressing	 ﾠcells.	 ﾠ	 ﾠA	 ﾠlimitation	 ﾠof	 ﾠthis	 ﾠdouble	 ﾠISH	 ﾠtechnique	 ﾠis	 ﾠthat	 ﾠ
development	 ﾠof	 ﾠone	 ﾠprobe	 ﾠcan	 ﾠblock	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠnext	 ﾠand	 ﾠtherefore	 ﾠit	 ﾠis	 ﾠ
difficult	 ﾠto	 ﾠreliably	 ﾠdetect	 ﾠtranscripts	 ﾠwith	 ﾠoverlapping	 ﾠexpression	 ﾠ(Lauter	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠ	 ﾠFor	 ﾠthis	 ﾠreason	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠclearly	 ﾠshow	 ﾠcoexpression	 ﾠof	 ﾠplzfa	 ﾠand	 ﾠ
neurog1,	 ﾠbut	 ﾠthe	 ﾠresults	 ﾠsuggest	 ﾠthis	 ﾠto	 ﾠbe	 ﾠthe	 ﾠcase.	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As	 ﾠfar	 ﾠas	 ﾠI	 ﾠam	 ﾠaware,	 ﾠthere	 ﾠare	 ﾠno	 ﾠantibodies	 ﾠthat	 ﾠwork	 ﾠin	 ﾠzebrafish	 ﾠthat	 ﾠ
recognise	 ﾠmarkers	 ﾠspecifically	 ﾠexpressed	 ﾠin	 ﾠthese	 ﾠdifferentiating	 ﾠcells.	 ﾠ	 ﾠObservations	 ﾠ
by	 ﾠJordi	 ﾠCayuso	 ﾠ(unpublished	 ﾠdata)	 ﾠnoted	 ﾠthat	 ﾠthe	 ﾠprox1	 ﾠgene	 ﾠwas	 ﾠexpressed	 ﾠin	 ﾠthe	 ﾠ
zebrafish	 ﾠneural	 ﾠepithelium.	 ﾠ	 ﾠStudies	 ﾠin	 ﾠother	 ﾠvertebrates	 ﾠhave	 ﾠdetermined	 ﾠthat	 ﾠ
Prox1	 ﾠis	 ﾠexpressed	 ﾠdownsteam	 ﾠof	 ﾠproneural	 ﾠgenes	 ﾠand	 ﾠdefines	 ﾠa	 ﾠtransitory	 ﾠcell	 ﾠstate	 ﾠ
between	 ﾠprogenitor	 ﾠand	 ﾠdifferentiated	 ﾠneuron	 ﾠ(Torii	 ﾠet	 ﾠal.,	 ﾠ1999,	 ﾠMisra	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠ
Examining	 ﾠexpression	 ﾠof	 ﾠthis	 ﾠprotein	 ﾠby	 ﾠIHC	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠshows	 ﾠ
expression	 ﾠwithin	 ﾠcells	 ﾠof	 ﾠthe	 ﾠneurogenic	 ﾠstripes	 ﾠoutside	 ﾠof	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠ
absent	 ﾠfrom	 ﾠdifferentiated	 ﾠneurons	 ﾠ(Figure	 ﾠ4-ﾭ‐6g-ﾭ‐j).	 ﾠ	 ﾠ	 ﾠComparison	 ﾠwith	 ﾠPlzf	 ﾠprotein	 ﾠ
(Figure	 ﾠ4-ﾭ‐6g)	 ﾠshows	 ﾠthat	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠproteins	 ﾠlargely	 ﾠoverlap	 ﾠin	 ﾠthese	 ﾠ
stripes.	 ﾠ	 ﾠA	 ﾠsagittal	 ﾠview	 ﾠshows	 ﾠthe	 ﾠProx1	 ﾠpositive	 ﾠcells	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠ
(Figure	 ﾠ4-ﾭ‐6k	 ﾠ&	 ﾠl).	 ﾠ
In	 ﾠsummary,	 ﾠI	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠnot	 ﾠrestricted	 ﾠto	 ﾠprogenitors	 ﾠ
of	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠbut	 ﾠis	 ﾠalso	 ﾠexpressed	 ﾠwithin	 ﾠcells	 ﾠactively	 ﾠundergoing	 ﾠ
neurogenesis	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain.	 ﾠ	 ﾠThese	 ﾠdifferentiating	 ﾠcells	 ﾠinitially	 ﾠexpress	 ﾠ
neurog1	 ﾠas	 ﾠthey	 ﾠleave	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠlater	 ﾠexpress	 ﾠneurod4,	 ﾠby	 ﾠwhich	 ﾠpoint	 ﾠ
plzfa	 ﾠexpression	 ﾠis	 ﾠseverely	 ﾠdecreased.	 ﾠ	 ﾠDuring	 ﾠthis	 ﾠtime	 ﾠthey	 ﾠare	 ﾠalso	 ﾠexpressing	 ﾠ
Prox1.	 ﾠ	 ﾠRadial	 ﾠglial	 ﾠprogenitors	 ﾠproject	 ﾠtheir	 ﾠglial	 ﾠfibres	 ﾠfrom	 ﾠlocations	 ﾠadjacent	 ﾠto	 ﾠ
rhombomere	 ﾠboundaries	 ﾠand	 ﾠit	 ﾠis	 ﾠalong	 ﾠthese	 ﾠfibres	 ﾠthat	 ﾠthe	 ﾠdifferentiating	 ﾠcells	 ﾠare	 ﾠ
present.	 ﾠ	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠthese	 ﾠcells	 ﾠprevents	 ﾠneuronal	 ﾠcell	 ﾠbodies	 ﾠfrom	 ﾠoccupying	 ﾠ
this	 ﾠspace,	 ﾠtherefore	 ﾠleading	 ﾠto	 ﾠa	 ﾠhighly	 ﾠstereotypical	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠ
neurons	 ﾠin	 ﾠthe	 ﾠmantle	 ﾠzone.	 ﾠ	 ﾠA	 ﾠsummary	 ﾠmodel	 ﾠof	 ﾠthe	 ﾠexpression	 ﾠdata	 ﾠis	 ﾠshown	 ﾠin	 ﾠ
Figure	 ﾠ4-ﾭ‐7.	 ﾠ	 ﾠ
4.4  Analysis	 ﾠof	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠwithin	 ﾠzebrafish,	 ﾠI	 ﾠused	 ﾠ
the	 ﾠpreviously	 ﾠdescribed	 ﾠtranslation-ﾭ‐blocking	 ﾠMOs	 ﾠto	 ﾠknockdown	 ﾠexpression.	 ﾠ	 ﾠThe	 ﾠ
MOs	 ﾠare	 ﾠinjected	 ﾠinto	 ﾠa	 ﾠtp53	 ﾠnull	 ﾠbackground	 ﾠto	 ﾠprevent	 ﾠthe	 ﾠknown	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠ
related	 ﾠto	 ﾠapoptosis	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠGerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠInjection	 ﾠof	 ﾠthe	 ﾠ
plzfa	 ﾠMO	 ﾠresulted	 ﾠin	 ﾠa	 ﾠdelay	 ﾠin	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠof	 ﾠaround	 ﾠ4	 ﾠhours,	 ﾠ
clearly	 ﾠidentifiable	 ﾠat	 ﾠstages	 ﾠbefore	 ﾠ24	 ﾠhpf	 ﾠby	 ﾠcounting	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠsomites.	 ﾠ	 ﾠI	 ﾠ
confirmed	 ﾠthat	 ﾠthe	 ﾠ4	 ﾠhour	 ﾠdelay	 ﾠis	 ﾠconsistent	 ﾠfor	 ﾠlater	 ﾠstage	 ﾠembryos	 ﾠby	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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Figure	 ﾠ4-ﾭ‐6:	 ﾠPlzf	 ﾠexpression	 ﾠoverlaps	 ﾠwith	 ﾠneurogenic	 ﾠmarkers	 ﾠ
a-ﾭ‐c:	 ﾠDouble	 ﾠfluorescent	 ﾠISH	 ﾠfollowed	 ﾠby	 ﾠIHC	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠfor	 ﾠneurog1	 ﾠ
(a),	 ﾠneurod4	 ﾠ(b)	 ﾠand	 ﾠGFAP	 ﾠ(c).	 ﾠ	 ﾠThe	 ﾠneurogenic	 ﾠgenes	 ﾠare	 ﾠexpressed	 ﾠat	 ﾠlocations	 ﾠ
defined	 ﾠby	 ﾠglial	 ﾠfibres.	 ﾠ	 ﾠDashed	 ﾠline	 ﾠindicates	 ﾠdorsal	 ﾠsurface	 ﾠof	 ﾠthe	 ﾠembryo.	 ﾠ
d-ﾭ‐f:	 ﾠDouble	 ﾠfluorescent	 ﾠISH	 ﾠshowing	 ﾠplzfa	 ﾠ(d)	 ﾠand	 ﾠneurod4	 ﾠ(e)	 ﾠwith	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠ(f).	 ﾠ	 ﾠ
plzfa	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠin	 ﾠcells	 ﾠundergoing	 ﾠneurogenesis.	 ﾠ
g-ﾭ‐j:	 ﾠWithin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain,	 ﾠProx1	 ﾠprotein	 ﾠ(h)	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠstripes	 ﾠof	 ﾠ
differentiating	 ﾠcells,	 ﾠis	 ﾠabsent	 ﾠfrom	 ﾠdifferentiated	 ﾠneurons	 ﾠ(j)	 ﾠand	 ﾠthis	 ﾠexpression	 ﾠ
partially	 ﾠoverlaps	 ﾠwith	 ﾠPlzf	 ﾠ(g	 ﾠ&	 ﾠi).	 ﾠ
k-ﾭ‐l:	 ﾠConfirmation	 ﾠthat	 ﾠProx1	 ﾠ(k)	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠdifferentiating	 ﾠcells	 ﾠpresent	 ﾠon	 ﾠ
the	 ﾠglial	 ﾠfibres	 ﾠ(l)	 ﾠobserved	 ﾠfrom	 ﾠa	 ﾠsagittal	 ﾠview.	 ﾠ
Embryo	 ﾠorientations	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐2	 ﾠcartoons.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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Figure	 ﾠ4-ﾭ‐7:	 ﾠModel	 ﾠof	 ﾠPlzf	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠhindbrain	 ﾠ
Summary	 ﾠmodel	 ﾠshowing	 ﾠexpression	 ﾠof	 ﾠgenes	 ﾠwithin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠzebrafish	 ﾠhindbrain	 ﾠ
described	 ﾠin	 ﾠthe	 ﾠresults.	 ﾠ	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠboth	 ﾠwithin	 ﾠproliferating	 ﾠprogenitors	 ﾠof	 ﾠ
the	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠwithin	 ﾠsome	 ﾠdifferentiating	 ﾠcells	 ﾠbut	 ﾠis	 ﾠabsent	 ﾠfrom	 ﾠ
differentiated	 ﾠneurons	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone.	 ﾠ	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠdifferentiating	 ﾠ
cells	 ﾠat	 ﾠprecise	 ﾠlocations	 ﾠcontributes	 ﾠto	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠ
Locations	 ﾠof	 ﾠthe	 ﾠrhombomere	 ﾠboundary	 ﾠand	 ﾠcentres	 ﾠare	 ﾠmarked	 ﾠin	 ﾠthe	 ﾠmodel.	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Figure	 ﾠ4-ﾭ‐7	 ﾠ
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making	 ﾠuse	 ﾠof	 ﾠa	 ﾠtransgenic	 ﾠline	 ﾠwith	 ﾠwhich	 ﾠI	 ﾠstaged	 ﾠthe	 ﾠembryos	 ﾠbased	 ﾠupon	 ﾠthe	 ﾠ
migration	 ﾠof	 ﾠthe	 ﾠlateral	 ﾠline	 ﾠprimordium	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐3).	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠ
accurately	 ﾠcompare	 ﾠmorphant	 ﾠembryos,	 ﾠI	 ﾠtook	 ﾠbatches	 ﾠat	 ﾠthe	 ﾠsame	 ﾠpoint	 ﾠin	 ﾠtime	 ﾠ
(time-ﾭ‐matched)	 ﾠand	 ﾠalso	 ﾠat	 ﾠthe	 ﾠsame	 ﾠstage	 ﾠ(stage-ﾭ‐matched)	 ﾠin	 ﾠdevelopment	 ﾠby	 ﾠ
allowing	 ﾠthe	 ﾠdelayed	 ﾠembryos	 ﾠto	 ﾠdevelop	 ﾠfor	 ﾠlonger.	 ﾠ
Phenotype	 ﾠrelating	 ﾠto	 ﾠa	 ﾠloss	 ﾠof	 ﾠprogenitors	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠ
I	 ﾠobserve	 ﾠa	 ﾠconsistent	 ﾠphenotype	 ﾠupon	 ﾠknockdown	 ﾠof	 ﾠboth	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ
together.	 ﾠ	 ﾠI	 ﾠcompared	 ﾠexpression	 ﾠof	 ﾠHuC/D	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠof	 ﾠcontrol	 ﾠ
embryos	 ﾠ(Figure	 ﾠ4-ﾭ‐8a	 ﾠ&	 ﾠe)	 ﾠagainst	 ﾠstage-ﾭ‐matched	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠMO	 ﾠ
(Figure	 ﾠ4-ﾭ‐8b	 ﾠ&	 ﾠf),	 ﾠplzfb	 ﾠMO	 ﾠ(Figure	 ﾠ4-ﾭ‐8c	 ﾠ&	 ﾠg)	 ﾠand	 ﾠthose	 ﾠinjected	 ﾠwith	 ﾠboth	 ﾠplzfa	 ﾠand	 ﾠ
plzfb	 ﾠMO	 ﾠ(Figure	 ﾠ4-ﾭ‐8d	 ﾠ&	 ﾠh).	 ﾠ	 ﾠThe	 ﾠnormally	 ﾠrestricted	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠ
neurons	 ﾠat	 ﾠthis	 ﾠstage	 ﾠappears	 ﾠslightly	 ﾠdisrupted	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠmorphants,	 ﾠunchanged	 ﾠin	 ﾠ
the	 ﾠplzfb	 ﾠmorphants	 ﾠand	 ﾠsignificantly	 ﾠdisrupted	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphants.	 ﾠ	 ﾠThis	 ﾠ
disruption	 ﾠis	 ﾠobserved	 ﾠboth	 ﾠfrom	 ﾠa	 ﾠdorsal	 ﾠview	 ﾠ(Figure	 ﾠ4-ﾭ‐8a-ﾭ‐d)	 ﾠand	 ﾠa	 ﾠsagittal	 ﾠview	 ﾠ
(Figure	 ﾠ4-ﾭ‐8e-ﾭ‐h)	 ﾠand	 ﾠit	 ﾠappears	 ﾠthat,	 ﾠin	 ﾠthe	 ﾠaffected	 ﾠembryos,	 ﾠneurons	 ﾠinvade	 ﾠthe	 ﾠthe	 ﾠ
gaps.	 ﾠ	 ﾠTo	 ﾠconfirm	 ﾠthat	 ﾠthe	 ﾠphenotype	 ﾠis	 ﾠnot	 ﾠcaused	 ﾠby	 ﾠthe	 ﾠdevelopmental	 ﾠdelay,	 ﾠI	 ﾠ
checked	 ﾠembryos	 ﾠthat	 ﾠwere	 ﾠtime-ﾭ‐matched	 ﾠand	 ﾠobserved	 ﾠthe	 ﾠsame	 ﾠphenotype	 ﾠ
(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐4).	 ﾠ
A	 ﾠpotential	 ﾠexplanation	 ﾠfor	 ﾠthis	 ﾠresult	 ﾠis	 ﾠthat	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠknockdown	 ﾠ
results	 ﾠin	 ﾠdepletion	 ﾠof	 ﾠdifferentiating	 ﾠcells	 ﾠallowing	 ﾠexpansion	 ﾠof	 ﾠthe	 ﾠdomains	 ﾠof	 ﾠ
neurons	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone.	 ﾠ	 ﾠTwo	 ﾠgenes	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠdifferentiating	 ﾠ
cells	 ﾠat	 ﾠthis	 ﾠstage	 ﾠare	 ﾠsox3	 ﾠand	 ﾠneurod4	 ﾠ(Figure	 ﾠ4-ﾭ‐9a-ﾭ‐d).	 ﾠ	 ﾠFor	 ﾠboth	 ﾠcases,	 ﾠI	 ﾠobserved	 ﾠa	 ﾠ
loss	 ﾠof	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠneurogenic	 ﾠstripes,	 ﾠconsistent	 ﾠwith	 ﾠa	 ﾠloss	 ﾠof	 ﾠ
differentiating	 ﾠcells	 ﾠwithin	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠAs	 ﾠwell	 ﾠas	 ﾠwithin	 ﾠthe	 ﾠcells	 ﾠundergoing	 ﾠ
neurogenesis,	 ﾠsox3	 ﾠis	 ﾠstrongly	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠventricular	 ﾠzone.	 ﾠ	 ﾠThis	 ﾠexpression	 ﾠ
did	 ﾠnot	 ﾠappear	 ﾠaffected	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphant	 ﾠembryos.	 ﾠ
A	 ﾠloss	 ﾠof	 ﾠdifferentiating	 ﾠcells	 ﾠcould	 ﾠbe	 ﾠa	 ﾠconsequence	 ﾠof	 ﾠa	 ﾠdepletion	 ﾠof	 ﾠ
progenitor	 ﾠcells	 ﾠin	 ﾠthe	 ﾠventricular	 ﾠzone.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠcompared	 ﾠexpression	 ﾠof	 ﾠSox2	 ﾠ
protein	 ﾠbetween	 ﾠcontrol	 ﾠand	 ﾠdouble	 ﾠmorphant	 ﾠembryos	 ﾠ(Figure	 ﾠ4-ﾭ‐9e	 ﾠ&	 ﾠf).	 ﾠ	 ﾠI	 ﾠdid	 ﾠnot	 ﾠ
observe	 ﾠa	 ﾠconsistent	 ﾠdifference	 ﾠin	 ﾠeither	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcells	 ﾠexpressing	 ﾠSox2	 ﾠor	 ﾠthe	 ﾠ
intensity	 ﾠof	 ﾠexpression.	 ﾠ	 ﾠAn	 ﾠindirect	 ﾠmethod	 ﾠof	 ﾠdetecting	 ﾠprogenitor	 ﾠcells	 ﾠis	 ﾠto	 ﾠ	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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Figure	 ﾠ4-ﾭ‐8:	 ﾠKnocking	 ﾠdown	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠtogether	 ﾠdisrupts	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠ
differentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠ
a-ﾭ‐d:	 ﾠConfocal	 ﾠslices	 ﾠof	 ﾠrepresentative	 ﾠcontrol	 ﾠMO	 ﾠ(a),	 ﾠplzfa	 ﾠMO	 ﾠ(b),	 ﾠplzfb	 ﾠMO	 ﾠ(c)	 ﾠand	 ﾠ
double	 ﾠmorphant	 ﾠembryos	 ﾠ(d)	 ﾠshowing	 ﾠHuC/D	 ﾠcells	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain.	 ﾠ	 ﾠHigher	 ﾠ
magnification	 ﾠimages	 ﾠare	 ﾠshown	 ﾠ(a’-ﾭ‐d’).	 ﾠ	 ﾠArrows	 ﾠ(a’)	 ﾠindicate	 ﾠthe	 ﾠgaps	 ﾠin	 ﾠHuC/D	 ﾠ
expression,	 ﾠwhich	 ﾠare	 ﾠslightly	 ﾠdisrupted	 ﾠin	 ﾠplzfa	 ﾠMO	 ﾠ(b’,	 ﾠ10/10)	 ﾠand	 ﾠsignificantly	 ﾠ
disrupted	 ﾠin	 ﾠdouble	 ﾠmorphant	 ﾠembryos	 ﾠ(d’,	 ﾠ17/18).	 ﾠ	 ﾠNo	 ﾠphenotype	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠ
control	 ﾠ(a’,	 ﾠ0/8)	 ﾠor	 ﾠplzfb	 ﾠ(c’,	 ﾠ0/5)	 ﾠinjected	 ﾠembryos.	 ﾠ
e-ﾭ‐h:	 ﾠSagittal	 ﾠviews	 ﾠof	 ﾠinjected	 ﾠembryos.	 ﾠ	 ﾠGaps	 ﾠbetween	 ﾠneurons	 ﾠ(arrows	 ﾠin	 ﾠe)	 ﾠare	 ﾠ
disrupted	 ﾠin	 ﾠplzfa	 ﾠMO	 ﾠ(f)	 ﾠand	 ﾠdouble	 ﾠmorphant	 ﾠ(h)	 ﾠembryos.	 ﾠ
An	 ﾠasterisk	 ﾠ(*)	 ﾠindicates	 ﾠthat	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠdeveloped	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠ4	 ﾠhours.	 ﾠ
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Figure	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Figure	 ﾠ4-ﾭ‐9:	 ﾠLoss	 ﾠof	 ﾠprogenitors	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠdouble	 ﾠmorphant	 ﾠ	 ﾠ
a-ﾭ‐d:	 ﾠLoss	 ﾠof	 ﾠdifferentiating	 ﾠcells	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphants.	 ﾠ	 ﾠBoth	 ﾠsox3	 ﾠ(a)	 ﾠand	 ﾠneurod4	 ﾠ
(c)	 ﾠare	 ﾠexpressed	 ﾠwithin	 ﾠthe	 ﾠcells	 ﾠundergoing	 ﾠneurogenesis	 ﾠat	 ﾠ44	 ﾠhpf,	 ﾠseen	 ﾠas	 ﾠstripes	 ﾠ
within	 ﾠthe	 ﾠdorsal	 ﾠview	 ﾠshown.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠdouble	 ﾠmorphants	 ﾠ(b	 ﾠ&	 ﾠd),	 ﾠexpression	 ﾠof	 ﾠboth	 ﾠ
genes	 ﾠappears	 ﾠto	 ﾠbe	 ﾠlost	 ﾠwithin	 ﾠthese	 ﾠstripes	 ﾠ(5/5	 ﾠ&	 ﾠ6/8	 ﾠfor	 ﾠsox3	 ﾠand	 ﾠneurod4	 ﾠ
respectively).	 ﾠ	 ﾠHigher	 ﾠmagnification	 ﾠimages	 ﾠare	 ﾠshown	 ﾠ(a’-ﾭ‐d’).	 ﾠ	 ﾠ	 ﾠ
e-ﾭ‐h:	 ﾠExamining	 ﾠprogenitor	 ﾠmarkers	 ﾠreveals	 ﾠmixed	 ﾠresults.	 ﾠ	 ﾠNo	 ﾠconsistent	 ﾠchanges	 ﾠin	 ﾠ
Sox2	 ﾠprotein	 ﾠexpression	 ﾠwere	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphant	 ﾠ(f,	 ﾠn=15)	 ﾠcompared	 ﾠ
to	 ﾠcontrol	 ﾠembryos	 ﾠ(e,	 ﾠn=15).	 ﾠ	 ﾠExamining	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠreveals	 ﾠthat	 ﾠthinner	 ﾠbundles	 ﾠ
of	 ﾠfibres	 ﾠare	 ﾠrunning	 ﾠthrough	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphants	 ﾠ(h,	 ﾠ11/12).	 ﾠ
An	 ﾠasterisk	 ﾠ(*)	 ﾠindicates	 ﾠthat	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠdeveloped	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠ4	 ﾠhours.	 ﾠ
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Figure	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analyse	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠprojected	 ﾠby	 ﾠthese	 ﾠcells.	 ﾠ	 ﾠI	 ﾠfind	 ﾠthat	 ﾠthere	 ﾠare	 ﾠ
thinner	 ﾠbundles	 ﾠof	 ﾠfibres	 ﾠrunning	 ﾠthrough	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphants	 ﾠ
(Figure	 ﾠ4-ﾭ‐9g	 ﾠ&	 ﾠh).	 ﾠ
The	 ﾠresults	 ﾠobtained	 ﾠso	 ﾠfar	 ﾠare	 ﾠsuggestive	 ﾠof	 ﾠa	 ﾠdepletion	 ﾠof	 ﾠneural	 ﾠ
progenitors	 ﾠupon	 ﾠloss	 ﾠof	 ﾠfunction	 ﾠof	 ﾠboth	 ﾠPlzfa	 ﾠand	 ﾠPlzfb.	 ﾠ	 ﾠOne	 ﾠpossible	 ﾠcause	 ﾠfor	 ﾠthis	 ﾠ
is	 ﾠpremature	 ﾠdifferentiation.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠlooked	 ﾠat	 ﾠwhether	 ﾠthere	 ﾠwere	 ﾠany	 ﾠchanges	 ﾠ
in	 ﾠneuronal	 ﾠdifferentiation	 ﾠat	 ﾠan	 ﾠearlier	 ﾠtime	 ﾠpoint	 ﾠin	 ﾠdevelopment	 ﾠ(30	 ﾠhpf).	 ﾠ	 ﾠI	 ﾠused	 ﾠ
the	 ﾠEphA4	 ﾠantibody	 ﾠin	 ﾠorder	 ﾠto	 ﾠdistinguish	 ﾠbetween	 ﾠthe	 ﾠdifferent	 ﾠrhombomeres	 ﾠand	 ﾠ
counted	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠHuC/D	 ﾠexpressing	 ﾠneurons	 ﾠwithin	 ﾠrhombomeres	 ﾠ3	 ﾠ–	 ﾠ5	 ﾠ(Figure	 ﾠ
4-ﾭ‐10a-ﾭ‐c).	 ﾠ	 ﾠQuantification	 ﾠrevealed	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
neurons	 ﾠbetween	 ﾠthe	 ﾠdifferent	 ﾠmorphants.	 ﾠ	 ﾠI	 ﾠalso	 ﾠanalysed	 ﾠexpression	 ﾠof	 ﾠneurod4	 ﾠat	 ﾠ
this	 ﾠstage	 ﾠand	 ﾠwas	 ﾠunable	 ﾠto	 ﾠobserve	 ﾠany	 ﾠdifferences	 ﾠbetween	 ﾠthe	 ﾠcontrol	 ﾠand	 ﾠ
double	 ﾠmorphant	 ﾠembryos	 ﾠ(Figure	 ﾠ4-ﾭ‐10d-ﾭ‐e).	 ﾠ
An	 ﾠalternative	 ﾠexplanation	 ﾠfor	 ﾠa	 ﾠloss	 ﾠof	 ﾠprogenitors	 ﾠcould	 ﾠbe	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠcell	 ﾠ
proliferation	 ﾠin	 ﾠthe	 ﾠmorphants.	 ﾠ	 ﾠI	 ﾠmade	 ﾠattempts	 ﾠto	 ﾠobserve	 ﾠchanges	 ﾠin	 ﾠproliferation	 ﾠ
in	 ﾠthe	 ﾠmorphants	 ﾠat	 ﾠ30	 ﾠand	 ﾠ44	 ﾠhpf,	 ﾠbut	 ﾠthe	 ﾠMO-ﾭ‐induced	 ﾠdelay	 ﾠin	 ﾠdevelopment	 ﾠmade	 ﾠ
it	 ﾠdifficult	 ﾠto	 ﾠobtain	 ﾠconclusive	 ﾠresults	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠInstead,	 ﾠI	 ﾠcarried	 ﾠout	 ﾠ
overexpression	 ﾠexperiments	 ﾠto	 ﾠsee	 ﾠwhether	 ﾠectopic	 ﾠPlzfa	 ﾠwould	 ﾠalter	 ﾠcell	 ﾠ
proliferation.	 ﾠ	 ﾠI	 ﾠinjected	 ﾠPlzfa	 ﾠRNA	 ﾠat	 ﾠthe	 ﾠ2-ﾭ‐cell	 ﾠstage	 ﾠto	 ﾠoverexpress	 ﾠit	 ﾠin	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠ
embryo,	 ﾠtogether	 ﾠwith	 ﾠH2B-ﾭ‐Citrine	 ﾠas	 ﾠa	 ﾠreporter	 ﾠ(Figure	 ﾠ4-ﾭ‐10f-ﾭ‐k).	 ﾠ	 ﾠA	 ﾠmore	 ﾠdetailed	 ﾠ
description	 ﾠof	 ﾠthe	 ﾠconstruct	 ﾠused	 ﾠfor	 ﾠoverexpression	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠin	 ﾠChapter	 ﾠ3.4.	 ﾠ	 ﾠI	 ﾠ
confirmed	 ﾠthat	 ﾠoverexpression	 ﾠinduces	 ﾠa	 ﾠphenotype	 ﾠby	 ﾠstaining	 ﾠfor	 ﾠIslet1	 ﾠprotein,	 ﾠ
observing	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠexpressing	 ﾠcells	 ﾠin	 ﾠthe	 ﾠinjected	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠ
embryo	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠProliferation	 ﾠwas	 ﾠassessed	 ﾠby	 ﾠimmunostaining	 ﾠ
with	 ﾠphospho-ﾭ‐histone	 ﾠH3	 ﾠ(pH3),	 ﾠwhich	 ﾠmarks	 ﾠcells	 ﾠundergoing	 ﾠmitosis.	 ﾠ	 ﾠI	 ﾠobserved	 ﾠno	 ﾠ
significant	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠproliferating	 ﾠcells	 ﾠbetween	 ﾠthe	 ﾠinjected	 ﾠand	 ﾠ
uninjected	 ﾠhalves	 ﾠof	 ﾠthe	 ﾠembryos.	 ﾠ	 ﾠ	 ﾠ
4.5  Revisiting	 ﾠthe	 ﾠmodel	 ﾠwith	 ﾠBtbd6a	 ﾠ
Previous	 ﾠwork	 ﾠwithin	 ﾠthe	 ﾠlab	 ﾠoutlined	 ﾠa	 ﾠmodel	 ﾠfor	 ﾠprimary	 ﾠneurogenesis	 ﾠ
where	 ﾠthe	 ﾠadapter	 ﾠprotein	 ﾠBtbd6a	 ﾠremoves	 ﾠPlzfa	 ﾠfrom	 ﾠthe	 ﾠnucleus	 ﾠand	 ﾠtargets	 ﾠit	 ﾠfor	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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degradation	 ﾠ(Figure	 ﾠ1-ﾭ‐8)	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThe	 ﾠprevious	 ﾠevidence	 ﾠthat	 ﾠ
Btbd6a	 ﾠcauses	 ﾠthe	 ﾠdegradation	 ﾠof	 ﾠPlzfa	 ﾠin	 ﾠzebrafish	 ﾠcame	 ﾠfrom	 ﾠexperiments	 ﾠwhere	 ﾠ
both	 ﾠproteins	 ﾠwere	 ﾠoverexpressed.	 ﾠ	 ﾠUsing	 ﾠthe	 ﾠzfPlzf	 ﾠAb,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠ
Btbd6a	 ﾠis	 ﾠable	 ﾠto	 ﾠtarget	 ﾠthe	 ﾠendogenous	 ﾠPlzfa	 ﾠprotein.	 ﾠ	 ﾠInjecting	 ﾠMyc-ﾭ‐tagged	 ﾠBtbd6a	 ﾠ
RNA	 ﾠinto	 ﾠthe	 ﾠembryo	 ﾠresulted	 ﾠin	 ﾠlower	 ﾠlevels	 ﾠof	 ﾠendogenous	 ﾠPlzf	 ﾠprotein	 ﾠin	 ﾠcells	 ﾠthat	 ﾠ
contained	 ﾠexogenous	 ﾠBtbd6a	 ﾠ(Figure	 ﾠ4-ﾭ‐11).	 ﾠ	 ﾠ
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Figure	 ﾠ4-ﾭ‐10:	 ﾠKnockdown	 ﾠhas	 ﾠno	 ﾠdiscernable	 ﾠeffect	 ﾠon	 ﾠeither	 ﾠneuronal	 ﾠ
differentiation	 ﾠor	 ﾠcell	 ﾠproliferation	 ﾠ
a-ﾭ‐c:	 ﾠNo	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphants.	 ﾠ	 ﾠ
Confocal	 ﾠimages	 ﾠshowing	 ﾠcontrol	 ﾠMO	 ﾠ(a)	 ﾠor	 ﾠdouble	 ﾠMO	 ﾠ(b)	 ﾠinjected	 ﾠembryos	 ﾠat	 ﾠ30	 ﾠ
hpf	 ﾠimmunostained	 ﾠfor	 ﾠEphA4	 ﾠ(red)	 ﾠand	 ﾠHuC/D	 ﾠ(green).	 ﾠ	 ﾠPositions	 ﾠof	 ﾠrhombomeres	 ﾠ3	 ﾠ
–	 ﾠ5	 ﾠ(r3-ﾭ‐r5),	 ﾠrevealed	 ﾠby	 ﾠEphA4	 ﾠstaining,	 ﾠare	 ﾠindicated.	 ﾠ	 ﾠNumber	 ﾠof	 ﾠHuC/D	 ﾠexpressing	 ﾠ
cells	 ﾠwithin	 ﾠr3	 ﾠ–	 ﾠr5	 ﾠwere	 ﾠcounted	 ﾠand	 ﾠno	 ﾠsignificant	 ﾠdifferences	 ﾠbetween	 ﾠthe	 ﾠ
different	 ﾠmorphants	 ﾠwas	 ﾠnoted	 ﾠ(c).	 ﾠ	 ﾠError	 ﾠbars	 ﾠrepresent	 ﾠstandard	 ﾠerror	 ﾠof	 ﾠthe	 ﾠmean;	 ﾠ
statistical	 ﾠsignificance	 ﾠwas	 ﾠdetermined	 ﾠby	 ﾠone-ﾭ‐way	 ﾠANOVA	 ﾠtest.	 ﾠ	 ﾠControl:	 ﾠn	 ﾠ=	 ﾠ4,	 ﾠplzfa	 ﾠ
MO:	 ﾠn	 ﾠ=	 ﾠ6,	 ﾠplzfb	 ﾠMO:	 ﾠn	 ﾠ=	 ﾠ3,	 ﾠplzfa	 ﾠ+	 ﾠplzfb	 ﾠMO	 ﾠn	 ﾠ=	 ﾠ8.	 ﾠ
d	 ﾠ&	 ﾠe:	 ﾠNo	 ﾠdifferences	 ﾠin	 ﾠneurod4	 ﾠexpression	 ﾠwas	 ﾠobserved.	 ﾠ	 ﾠISH	 ﾠshowing	 ﾠneurod4	 ﾠ
expression	 ﾠcomparing	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠcontrol	 ﾠ(d,	 ﾠn=6)	 ﾠor	 ﾠplzfa	 ﾠ+	 ﾠplzfb	 ﾠ(e,	 ﾠn=8)	 ﾠ
MO.	 ﾠ	 ﾠHigher	 ﾠmagnification	 ﾠimages	 ﾠare	 ﾠshown	 ﾠ(d’	 ﾠ&	 ﾠe’).	 ﾠ	 ﾠ
f-ﾭ‐k:	 ﾠNo	 ﾠchanges	 ﾠin	 ﾠcell	 ﾠproliferation	 ﾠwas	 ﾠobserved	 ﾠwith	 ﾠPlzfa	 ﾠwas	 ﾠoverexpressed.	 ﾠ	 ﾠ1	 ﾠ
cell	 ﾠat	 ﾠthe	 ﾠ2	 ﾠcell-ﾭ‐stage	 ﾠwas	 ﾠinjected	 ﾠwith	 ﾠRNA	 ﾠencoding	 ﾠH2B-ﾭ‐Citrine	 ﾠand	 ﾠMyc-ﾭ‐Plzfa	 ﾠ(f).	 ﾠ
Embryos	 ﾠwere	 ﾠimmunostained	 ﾠfor:	 ﾠCitrine	 ﾠ(g),	 ﾠto	 ﾠshow	 ﾠthe	 ﾠside	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠ
injected;	 ﾠPhospho-ﾭ‐Histone	 ﾠH3	 ﾠ(pH3),	 ﾠto	 ﾠshow	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠactively	 ﾠproliferating	 ﾠ
cells	 ﾠ(h);	 ﾠand	 ﾠIslet1	 ﾠ(j)	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠthe	 ﾠoverexpressed	 ﾠconstruct	 ﾠcan	 ﾠinduce	 ﾠa	 ﾠ
phenotype.	 ﾠ	 ﾠMaximum	 ﾠprojections	 ﾠfrom	 ﾠa	 ﾠrepresentative	 ﾠembryo	 ﾠare	 ﾠshown	 ﾠ(g-ﾭ‐j).	 ﾠ	 ﾠ
The	 ﾠnumber	 ﾠof	 ﾠcells	 ﾠexpressing	 ﾠpH3	 ﾠwas	 ﾠcounted	 ﾠ(k)	 ﾠand	 ﾠno	 ﾠconsistent	 ﾠchanges	 ﾠwere	 ﾠ
observed	 ﾠwhen	 ﾠcomparing	 ﾠthe	 ﾠinjected	 ﾠside	 ﾠto	 ﾠthe	 ﾠuninjected	 ﾠside.	 ﾠ	 ﾠThis	 ﾠis	 ﾠshown	 ﾠin	 ﾠ
a	 ﾠgraphic	 ﾠformat	 ﾠ(k).	 ﾠ
An	 ﾠasterisk	 ﾠ(*)	 ﾠindicates	 ﾠthat	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠdeveloped	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠ4	 ﾠhours.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	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Figure	 ﾠ4-ﾭ‐11:	 ﾠInjecting	 ﾠBtbd6a	 ﾠRNA	 ﾠcauses	 ﾠdegradation	 ﾠof	 ﾠendogenous	 ﾠPlzf	 ﾠ	 ﾠ
Dorsal	 ﾠview	 ﾠof	 ﾠan	 ﾠuninjected,	 ﾠwildtype	 ﾠ12	 ﾠhpf	 ﾠembryo	 ﾠshowing	 ﾠendogenous,	 ﾠnuclear	 ﾠ
Plzf	 ﾠexpression	 ﾠ(a-ﾭ‐d).	 ﾠ	 ﾠComparison	 ﾠwith	 ﾠthe	 ﾠsame	 ﾠregion	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠthat	 ﾠhas	 ﾠbeen	 ﾠ
injected	 ﾠwith	 ﾠMyc-ﾭ‐tagged	 ﾠBtbd6a	 ﾠRNA	 ﾠ(e-ﾭ‐h).	 ﾠ	 ﾠPlzf	 ﾠappears	 ﾠto	 ﾠbe	 ﾠlargely	 ﾠabsent	 ﾠfrom	 ﾠ
cells	 ﾠthat	 ﾠcontain	 ﾠthe	 ﾠMyc	 ﾠtag.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	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Figure	 ﾠ4-ﾭ‐11	 ﾠ
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4.6  Discussion	 ﾠ
plzfa	 ﾠand	 ﾠplzfb	 ﾠare	 ﾠexpressed	 ﾠin	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠ
In	 ﾠthis	 ﾠwork	 ﾠI	 ﾠhave	 ﾠcarried	 ﾠout	 ﾠa	 ﾠdetailed	 ﾠanalysis	 ﾠof	 ﾠexpression	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠ
the	 ﾠzebrafish	 ﾠhindbrain.	 ﾠ	 ﾠBuilding	 ﾠon	 ﾠearlier	 ﾠwork	 ﾠthat	 ﾠfound	 ﾠplzfa	 ﾠtranscripts	 ﾠ
throughout	 ﾠregions	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠassociated	 ﾠwith	 ﾠprimary	 ﾠneurogenesis	 ﾠ
(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010),	 ﾠI	 ﾠshow	 ﾠthat	 ﾠboth	 ﾠparalogues	 ﾠare	 ﾠcoexpressed	 ﾠwithin	 ﾠneural	 ﾠ
progenitors	 ﾠof	 ﾠthe	 ﾠhindbrain	 ﾠduring	 ﾠthe	 ﾠfirst	 ﾠ44	 ﾠhours	 ﾠof	 ﾠdevelopment.	 ﾠ	 ﾠAlthough	 ﾠnot	 ﾠ
examined	 ﾠin	 ﾠdetail,	 ﾠat	 ﾠlow	 ﾠmagnification	 ﾠthe	 ﾠISH	 ﾠpatterns	 ﾠsuggest	 ﾠthat	 ﾠboth	 ﾠgenes	 ﾠare	 ﾠ
also	 ﾠexpressed	 ﾠthroughout	 ﾠother	 ﾠregions	 ﾠof	 ﾠthe	 ﾠdeveloping	 ﾠCNS.	 ﾠ
I	 ﾠused	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠraised	 ﾠagainst	 ﾠthe	 ﾠPlzfa	 ﾠBTB	 ﾠdomain	 ﾠin	 ﾠorder	 ﾠto	 ﾠmonitor	 ﾠ
protein	 ﾠexpression.	 ﾠ	 ﾠAs	 ﾠdescribed	 ﾠabove,	 ﾠthis	 ﾠantibody	 ﾠcould	 ﾠreliably	 ﾠdetect	 ﾠ
endogenous	 ﾠPlzfa	 ﾠprotein	 ﾠbut	 ﾠnot	 ﾠPlzfb	 ﾠduring	 ﾠdevelopment	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠ
embryos.	 ﾠ	 ﾠPlzf	 ﾠprotein	 ﾠwas	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠnucleus	 ﾠof	 ﾠthe	 ﾠneural	 ﾠprogenitor	 ﾠcells	 ﾠ
throughout	 ﾠthe	 ﾠfirst	 ﾠ2	 ﾠdays	 ﾠof	 ﾠembryogenesis.	 ﾠ	 ﾠPreviously	 ﾠpublished	 ﾠwork	 ﾠhas	 ﾠshown	 ﾠ
that	 ﾠPlzf	 ﾠprotein	 ﾠis	 ﾠexpressed	 ﾠthroughout	 ﾠthe	 ﾠneural	 ﾠplate	 ﾠduring	 ﾠmurine,	 ﾠchicken	 ﾠ
and	 ﾠhuman	 ﾠdevelopment,	 ﾠsuggesting	 ﾠthat	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠconserved	 ﾠacross	 ﾠspecies	 ﾠ
(Cook	 ﾠet	 ﾠal.,	 ﾠ1995,	 ﾠTailor	 ﾠet	 ﾠal.,	 ﾠ2013,	 ﾠGaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
Detailed	 ﾠanalysis	 ﾠof	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠrevealed	 ﾠthat	 ﾠit	 ﾠwas	 ﾠalso	 ﾠfound	 ﾠin	 ﾠ
the	 ﾠnucleus	 ﾠof	 ﾠa	 ﾠsmall	 ﾠnumber	 ﾠof	 ﾠterminally	 ﾠdifferentiated,	 ﾠHuC/D	 ﾠpositive	 ﾠneurons	 ﾠ
within	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠat	 ﾠ44	 ﾠhpf.	 ﾠ	 ﾠThe	 ﾠprevious	 ﾠmodel	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠwithin	 ﾠ
zebrafish	 ﾠshows	 ﾠthat	 ﾠPlzf	 ﾠprotein	 ﾠis	 ﾠbeing	 ﾠremoved	 ﾠfrom	 ﾠcells	 ﾠas	 ﾠthey	 ﾠdifferentiate	 ﾠ
(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠIt	 ﾠis	 ﾠpossible	 ﾠthis	 ﾠresult	 ﾠis	 ﾠindicative	 ﾠof	 ﾠnewly	 ﾠ
differentiated	 ﾠneurons,	 ﾠthat	 ﾠhaven’t	 ﾠyet	 ﾠremoved	 ﾠall	 ﾠof	 ﾠPlzf	 ﾠfrom	 ﾠthe	 ﾠnucleus.	 ﾠ	 ﾠ
Analysis	 ﾠof	 ﾠPlzf	 ﾠexpression	 ﾠwithin	 ﾠthe	 ﾠchicken	 ﾠspinal	 ﾠcord	 ﾠfound	 ﾠthat	 ﾠthe	 ﾠprotein	 ﾠwas	 ﾠ
present	 ﾠwithin	 ﾠa	 ﾠsubset	 ﾠof	 ﾠdifferentiated	 ﾠinterneurons	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIt	 ﾠis	 ﾠ
therefore	 ﾠpossible	 ﾠthat	 ﾠa	 ﾠsimilar	 ﾠphenomenon	 ﾠis	 ﾠoccurring	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠ
and	 ﾠPlzf	 ﾠexpression	 ﾠis	 ﾠmaintained	 ﾠwithin	 ﾠcertain	 ﾠneurons.	 ﾠ	 ﾠFurther	 ﾠanalysis	 ﾠthat	 ﾠ
compares	 ﾠPlzf	 ﾠexpression	 ﾠwith	 ﾠmarkers	 ﾠspecific	 ﾠto	 ﾠa	 ﾠclass	 ﾠof	 ﾠneurons	 ﾠwould	 ﾠneed	 ﾠto	 ﾠ
be	 ﾠcarried	 ﾠout	 ﾠto	 ﾠunderstand	 ﾠmore	 ﾠabout	 ﾠthis	 ﾠexpression.	 ﾠ
Published	 ﾠwork	 ﾠshowed	 ﾠthat	 ﾠBtbd6a	 ﾠtransported	 ﾠPlzf	 ﾠfrom	 ﾠthe	 ﾠnucleus	 ﾠto	 ﾠthe	 ﾠ
cytoplasm	 ﾠand	 ﾠcaused	 ﾠits	 ﾠsubsequent	 ﾠdegradation	 ﾠby	 ﾠforming	 ﾠa	 ﾠcomplex	 ﾠwith	 ﾠCul3	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(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠWithout	 ﾠthe	 ﾠtools	 ﾠto	 ﾠdetect	 ﾠendogenous	 ﾠPlzfa	 ﾠprotein,	 ﾠthis	 ﾠ
work	 ﾠwas	 ﾠbased	 ﾠon	 ﾠmosaic	 ﾠoverexpression	 ﾠof	 ﾠepitope	 ﾠtagged	 ﾠversions	 ﾠof	 ﾠboth	 ﾠPlzfa	 ﾠ
and	 ﾠBtbd6a	 ﾠin	 ﾠthe	 ﾠembryo	 ﾠand	 ﾠsubsequently	 ﾠdetermining	 ﾠthe	 ﾠlocalisation	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠ
proteins.	 ﾠ	 ﾠAccess	 ﾠto	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠmeant	 ﾠthat	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠdetect	 ﾠendogenous	 ﾠPlzf	 ﾠ
protein	 ﾠand	 ﾠtherefore	 ﾠI	 ﾠconfirmed	 ﾠectopic	 ﾠBtbd6a	 ﾠis	 ﾠable	 ﾠto	 ﾠtarget	 ﾠPlzf	 ﾠfor	 ﾠ
degradation.	 ﾠ	 ﾠIn	 ﾠmy	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠendogenous	 ﾠprotein,	 ﾠI	 ﾠnever	 ﾠobserved	 ﾠit	 ﾠwithin	 ﾠ
the	 ﾠcytoplasm,	 ﾠlikely	 ﾠbecause	 ﾠthe	 ﾠlevels	 ﾠof	 ﾠPlzfa	 ﾠare	 ﾠbelow	 ﾠthe	 ﾠthreshold	 ﾠof	 ﾠdetection	 ﾠ
by	 ﾠthe	 ﾠzfPlzf	 ﾠAb.	 ﾠ
Pattern	 ﾠof	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠ
Previous	 ﾠwork	 ﾠin	 ﾠzebrafish	 ﾠhad	 ﾠshown	 ﾠthat	 ﾠby	 ﾠ44	 ﾠhpf	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠ
progenitor	 ﾠcells	 ﾠwithin	 ﾠthe	 ﾠhindbrain	 ﾠhave	 ﾠa	 ﾠradial	 ﾠglial	 ﾠmorphology	 ﾠ(Lyons	 ﾠet	 ﾠal.,	 ﾠ
2003).	 ﾠ	 ﾠThese	 ﾠcells	 ﾠextend	 ﾠtheir	 ﾠfibres	 ﾠat	 ﾠlocations	 ﾠflanking	 ﾠthe	 ﾠrhombomere	 ﾠ
boundaries,	 ﾠforming	 ﾠa	 ﾠstructure	 ﾠknown	 ﾠas	 ﾠthe	 ﾠglial	 ﾠcurtain	 ﾠ(Trevarrow	 ﾠet	 ﾠal.,	 ﾠ1990).	 ﾠ	 ﾠ
Furthermore,	 ﾠthese	 ﾠsame	 ﾠlocations	 ﾠare	 ﾠassociated	 ﾠwith	 ﾠcells	 ﾠundergoing	 ﾠ
neurogenesis,	 ﾠrevealed	 ﾠby	 ﾠexpression	 ﾠof	 ﾠproneural	 ﾠgenes	 ﾠneurog1	 ﾠand	 ﾠneurod4	 ﾠ
(Amoyel	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠGonzalez-ﾭ‐Quevedo	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠThese	 ﾠdifferentiating	 ﾠcells	 ﾠare	 ﾠ
known	 ﾠfrom	 ﾠstudies	 ﾠin	 ﾠother	 ﾠsystems	 ﾠto	 ﾠbe	 ﾠmigrating	 ﾠtowards	 ﾠtheir	 ﾠposition	 ﾠof	 ﾠ
terminal	 ﾠdifferentiation	 ﾠwhilst	 ﾠundergoing	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠ(Roztocil	 ﾠet	 ﾠal.,	 ﾠ
1997).	 ﾠ	 ﾠGlial	 ﾠfibres	 ﾠprovide	 ﾠscaffolding	 ﾠfor	 ﾠthe	 ﾠmigration	 ﾠof	 ﾠdifferentiating	 ﾠneurons	 ﾠ
(Rakic,	 ﾠ2003).	 ﾠ	 ﾠ
Taking	 ﾠthis	 ﾠinformation	 ﾠtogether,	 ﾠI	 ﾠshow	 ﾠthat	 ﾠhindbrain	 ﾠprogenitors	 ﾠexiting	 ﾠ
the	 ﾠventricular	 ﾠzone	 ﾠexpress	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠneurog1	 ﾠat	 ﾠapical	 ﾠlocations	 ﾠon	 ﾠthe	 ﾠglial	 ﾠ
fibres.	 ﾠ	 ﾠThey	 ﾠpresumably	 ﾠmigrate	 ﾠalong	 ﾠthe	 ﾠfibres,	 ﾠreaching	 ﾠmore	 ﾠbasal	 ﾠlocations	 ﾠ
when	 ﾠthey	 ﾠexpress	 ﾠneurod4	 ﾠand	 ﾠdownregulate	 ﾠneurog1.	 ﾠ	 ﾠThese	 ﾠtwo	 ﾠproneural	 ﾠgenes	 ﾠ
are	 ﾠno	 ﾠlonger	 ﾠexpressed	 ﾠas	 ﾠterminal	 ﾠdifferentiation	 ﾠoccurs,	 ﾠmarked	 ﾠby	 ﾠthe	 ﾠpresence	 ﾠ
of	 ﾠHuC/D	 ﾠprotein.	 ﾠ	 ﾠThe	 ﾠposition	 ﾠof	 ﾠthe	 ﾠdifferentiating	 ﾠcells	 ﾠalong	 ﾠthe	 ﾠfibres	 ﾠin	 ﾠthe	 ﾠ
mantle	 ﾠzone	 ﾠprevent	 ﾠthe	 ﾠneuronal	 ﾠcell	 ﾠbodies	 ﾠfrom	 ﾠoccupying	 ﾠthese	 ﾠlocations	 ﾠand	 ﾠ
hence	 ﾠlead	 ﾠto	 ﾠthe	 ﾠstereotypical	 ﾠpattern	 ﾠof	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠmantle	 ﾠzone	 ﾠat	 ﾠ
44	 ﾠhpf.	 ﾠ
It	 ﾠis	 ﾠunclear	 ﾠfrom	 ﾠmy	 ﾠanalysis	 ﾠwhy	 ﾠradial	 ﾠglial	 ﾠfibres	 ﾠare	 ﾠonly	 ﾠobserved	 ﾠflanking	 ﾠ
rhombomere	 ﾠboundaries.	 ﾠ	 ﾠThe	 ﾠtwo	 ﾠpossibilities	 ﾠare	 ﾠthat	 ﾠthe	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠare	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	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everywhere	 ﾠbut	 ﾠonly	 ﾠextending	 ﾠfibres	 ﾠat	 ﾠthese	 ﾠlocations,	 ﾠor	 ﾠthe	 ﾠprogenitor	 ﾠcells	 ﾠat	 ﾠ
the	 ﾠrhombomere	 ﾠcentres	 ﾠand	 ﾠboundaries	 ﾠdisplay	 ﾠa	 ﾠdifferent	 ﾠmorphology.	 ﾠ	 ﾠThe	 ﾠ
observation	 ﾠthat	 ﾠgfap	 ﾠdriven	 ﾠGFP	 ﾠexpression	 ﾠis	 ﾠin	 ﾠall	 ﾠcells	 ﾠof	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠ
suggests	 ﾠthey	 ﾠall	 ﾠcontain	 ﾠsome	 ﾠglial	 ﾠcharacter.	 ﾠ	 ﾠ	 ﾠ
There	 ﾠis	 ﾠan	 ﾠassociation	 ﾠbetween	 ﾠcells	 ﾠundergoing	 ﾠneurogenesis	 ﾠand	 ﾠthe	 ﾠ
location	 ﾠof	 ﾠthe	 ﾠglial	 ﾠfibres	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠ(see	 ﾠFigure	 ﾠ1-ﾭ‐5).	 ﾠ	 ﾠPrevious	 ﾠwork	 ﾠ
has	 ﾠshown	 ﾠthat	 ﾠFGF	 ﾠsignalling	 ﾠfrom	 ﾠa	 ﾠclass	 ﾠof	 ﾠneurons	 ﾠwithin	 ﾠthe	 ﾠmantle	 ﾠzone	 ﾠ
prevents	 ﾠneurogenesis	 ﾠfrom	 ﾠoccurring	 ﾠwithin	 ﾠsegment	 ﾠcentres	 ﾠand	 ﾠthat	 ﾠthese	 ﾠcells	 ﾠ
initiate	 ﾠneurogenesis	 ﾠif	 ﾠFGF	 ﾠsignalling	 ﾠis	 ﾠdisrupted	 ﾠ(Gonzalez-ﾭ‐Quevedo	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
Unpublished	 ﾠwork	 ﾠhas	 ﾠrevealed	 ﾠthat	 ﾠdisrupting	 ﾠFGF	 ﾠsignalling	 ﾠalso	 ﾠresults	 ﾠin	 ﾠectopic	 ﾠ
glial	 ﾠfibres	 ﾠwithin	 ﾠthe	 ﾠrhombomere	 ﾠcentres	 ﾠ(Rosa	 ﾠGonzalez-ﾭ‐Quevedo,	 ﾠunpublished	 ﾠ
results).	 ﾠ	 ﾠPotential	 ﾠexplanations	 ﾠfor	 ﾠthis	 ﾠresult	 ﾠare	 ﾠthat	 ﾠthe	 ﾠprogenitor	 ﾠcells	 ﾠat	 ﾠthe	 ﾠ
segment	 ﾠcentres	 ﾠare	 ﾠbecoming	 ﾠradial	 ﾠglial	 ﾠcells	 ﾠand	 ﾠextending	 ﾠtheir	 ﾠown	 ﾠfibres,	 ﾠor	 ﾠ
alternatively	 ﾠthe	 ﾠectopic	 ﾠfibres	 ﾠcould	 ﾠbe	 ﾠoriginating	 ﾠfrom	 ﾠthe	 ﾠneurogenic	 ﾠprogenitors	 ﾠ
flanking	 ﾠthe	 ﾠboundaries.	 ﾠ	 ﾠFurther	 ﾠanalysis	 ﾠusing	 ﾠthese	 ﾠtools	 ﾠcould	 ﾠexpand	 ﾠour	 ﾠ
understanding	 ﾠof	 ﾠthe	 ﾠdifferent	 ﾠneural	 ﾠprogenitors	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠhindbrain.	 ﾠ
Plzf	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠdifferentiating	 ﾠcells	 ﾠ
Analysis	 ﾠof	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠshowed	 ﾠthat	 ﾠas	 ﾠwell	 ﾠas	 ﾠbeing	 ﾠ
present	 ﾠwithin	 ﾠneural	 ﾠprogenitor	 ﾠcells,	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠdifferentiating	 ﾠcells	 ﾠat	 ﾠthe	 ﾠ
early	 ﾠstages	 ﾠof	 ﾠneuronal	 ﾠdifferentiation.	 ﾠ	 ﾠA	 ﾠlack	 ﾠof	 ﾠantibodies	 ﾠmeant	 ﾠthat	 ﾠI	 ﾠwas	 ﾠ
initially	 ﾠunable	 ﾠto	 ﾠcompare	 ﾠPlzf	 ﾠprotein	 ﾠexpression	 ﾠwith	 ﾠmarkers	 ﾠspecific	 ﾠfor	 ﾠdifferent	 ﾠ
stages	 ﾠof	 ﾠneurogenesis.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠcompared	 ﾠplzfa	 ﾠRNA	 ﾠby	 ﾠcarrying	 ﾠout	 ﾠdouble	 ﾠISH	 ﾠ
analysis	 ﾠwith	 ﾠproneural	 ﾠgenes.	 ﾠ	 ﾠAlthough	 ﾠdifficult	 ﾠto	 ﾠprecisely	 ﾠposition	 ﾠthe	 ﾠpoint	 ﾠat	 ﾠ
which	 ﾠplzfa	 ﾠexpression	 ﾠis	 ﾠswitched	 ﾠoff	 ﾠduring	 ﾠneurogenesis,	 ﾠthe	 ﾠevidence	 ﾠsuggests	 ﾠ
that	 ﾠit	 ﾠis	 ﾠcoexpressed	 ﾠwith	 ﾠneurog1	 ﾠand	 ﾠdownregulated	 ﾠonce	 ﾠneurod4	 ﾠis	 ﾠexpressed.	 ﾠ	 ﾠ	 ﾠ
I	 ﾠcarried	 ﾠout	 ﾠsome	 ﾠpreliminary	 ﾠcharacterisation	 ﾠof	 ﾠProx1	 ﾠprotein	 ﾠexpression	 ﾠ
within	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain.	 ﾠ	 ﾠSimilar	 ﾠto	 ﾠwhat	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠfor	 ﾠother	 ﾠsystems	 ﾠ
(Torii	 ﾠet	 ﾠal.,	 ﾠ1999,	 ﾠMisra	 ﾠet	 ﾠal.,	 ﾠ2008),	 ﾠProx1	 ﾠwas	 ﾠfound	 ﾠto	 ﾠbe	 ﾠexpressed	 ﾠin	 ﾠcells	 ﾠ
undergoing	 ﾠneurogenesis	 ﾠbut	 ﾠabsent	 ﾠfrom	 ﾠboth	 ﾠprogenitors	 ﾠand	 ﾠterminally	 ﾠ
differentiated	 ﾠneurons.	 ﾠ	 ﾠI	 ﾠobserved	 ﾠcoexpression	 ﾠof	 ﾠPlzf	 ﾠand	 ﾠProx1	 ﾠwithin	 ﾠthe	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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hindbrain,	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠidea	 ﾠthat	 ﾠboth	 ﾠthe	 ﾠPlzfa	 ﾠtranscript	 ﾠand	 ﾠPlzf	 ﾠprotein	 ﾠare	 ﾠ
present	 ﾠwithin	 ﾠdifferentiating	 ﾠcells.	 ﾠ
Evidence	 ﾠthat	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠfunction	 ﾠtogether	 ﾠto	 ﾠmaintain	 ﾠprogenitors	 ﾠ
The	 ﾠprotein	 ﾠsimilarity	 ﾠbetween	 ﾠPlzfa	 ﾠand	 ﾠplzfb	 ﾠand	 ﾠthe	 ﾠobservation	 ﾠthat	 ﾠboth	 ﾠ
paralogues	 ﾠare	 ﾠexpressed	 ﾠin	 ﾠprogenitors	 ﾠof	 ﾠthe	 ﾠdeveloping	 ﾠhindbrain	 ﾠis	 ﾠsuggestive	 ﾠ
that	 ﾠare	 ﾠthey	 ﾠare	 ﾠfunctionally	 ﾠredundant.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠaimed	 ﾠto	 ﾠremove	 ﾠthe	 ﾠfunction	 ﾠ
of	 ﾠboth	 ﾠproteins	 ﾠsimultaneously	 ﾠusing	 ﾠMOs.	 ﾠ	 ﾠWhen	 ﾠI	 ﾠdo	 ﾠthis,	 ﾠI	 ﾠobserve	 ﾠa	 ﾠstriking	 ﾠ
altered	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠwithin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain,	 ﾠwhilst	 ﾠthe	 ﾠ
single	 ﾠknockdown	 ﾠlead	 ﾠto	 ﾠno	 ﾠchange	 ﾠor	 ﾠa	 ﾠmild	 ﾠeffect.	 ﾠ
This	 ﾠphenotype	 ﾠwas	 ﾠattributed	 ﾠto	 ﾠa	 ﾠloss	 ﾠof	 ﾠdifferentiating	 ﾠcells	 ﾠwithin	 ﾠthe	 ﾠ
mantle	 ﾠzone,	 ﾠwhich,	 ﾠas	 ﾠpreviously	 ﾠdiscussed,	 ﾠare	 ﾠinvolved	 ﾠin	 ﾠthe	 ﾠstereotypical	 ﾠ
patterning	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠ
observing	 ﾠa	 ﾠdecrease	 ﾠof	 ﾠcells	 ﾠexpressing	 ﾠneurogenic	 ﾠmarkers	 ﾠat	 ﾠ44	 ﾠhpf.	 ﾠ	 ﾠThe	 ﾠlikely	 ﾠ
explanation	 ﾠfor	 ﾠa	 ﾠloss	 ﾠof	 ﾠdifferentiating	 ﾠcells	 ﾠat	 ﾠthis	 ﾠlate	 ﾠstage	 ﾠin	 ﾠembryonic	 ﾠ
development	 ﾠis	 ﾠa	 ﾠdefect	 ﾠin	 ﾠprogenitor	 ﾠmaintenance	 ﾠresulting	 ﾠin	 ﾠthe	 ﾠgradual	 ﾠ
depletion	 ﾠof	 ﾠprogenitor	 ﾠcells.	 ﾠ	 ﾠEvidence	 ﾠsupporting	 ﾠthis	 ﾠcomes	 ﾠfrom	 ﾠa	 ﾠloss	 ﾠof	 ﾠradial	 ﾠ
glial	 ﾠfibres	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠmorphant.	 ﾠ	 ﾠAlternatively,	 ﾠwithout	 ﾠfurther	 ﾠanalysis,	 ﾠit	 ﾠis	 ﾠ
possible	 ﾠthat	 ﾠthe	 ﾠdouble	 ﾠmorphant	 ﾠembryos	 ﾠstill	 ﾠcontain	 ﾠprogenitors	 ﾠbut	 ﾠthe	 ﾠonset	 ﾠof	 ﾠ
differentiation	 ﾠhas	 ﾠbeen	 ﾠcompromised	 ﾠand	 ﾠit	 ﾠis	 ﾠthis	 ﾠthat	 ﾠaccounts	 ﾠfor	 ﾠthe	 ﾠphenotype.	 ﾠ	 ﾠ
A	 ﾠmodel	 ﾠof	 ﾠthe	 ﾠproposed	 ﾠfunction	 ﾠof	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠin	 ﾠprogenitor	 ﾠmaintenance	 ﾠin	 ﾠthe	 ﾠ
44	 ﾠhpf	 ﾠhindbrain	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐12.	 ﾠ	 ﾠ	 ﾠ
A	 ﾠloss	 ﾠof	 ﾠprogenitors	 ﾠis	 ﾠreminiscent	 ﾠof	 ﾠthe	 ﾠdescribed	 ﾠphenotype	 ﾠcaused	 ﾠby	 ﾠ
knockdown	 ﾠof	 ﾠthe	 ﾠNotch	 ﾠmodulator	 ﾠlunatic	 ﾠfringe	 ﾠ(lfng)	 ﾠ(Nikolaou	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠThe	 ﾠ
lfng	 ﾠknockdown	 ﾠembryos	 ﾠhave	 ﾠsignificantly	 ﾠincreased	 ﾠnumbers	 ﾠof	 ﾠneurons	 ﾠcaused	 ﾠby	 ﾠ
premature	 ﾠdifferentiation	 ﾠleading	 ﾠto	 ﾠless	 ﾠprogenitor	 ﾠcells	 ﾠat	 ﾠlater	 ﾠstages.	 ﾠ	 ﾠI	 ﾠaimed	 ﾠto	 ﾠ
determine	 ﾠwhether	 ﾠthe	 ﾠdouble	 ﾠmorphants	 ﾠdisplayed	 ﾠincreased	 ﾠdifferentiation	 ﾠat	 ﾠan	 ﾠ
earlier	 ﾠstages	 ﾠof	 ﾠdevelopment,	 ﾠbut	 ﾠI	 ﾠdid	 ﾠnot	 ﾠobserve	 ﾠany	 ﾠsignificant	 ﾠincrease	 ﾠin	 ﾠcells	 ﾠ
expressing	 ﾠneurod4	 ﾠor	 ﾠHuC/D	 ﾠat	 ﾠ30	 ﾠhpf.	 ﾠ	 ﾠThis	 ﾠdoes	 ﾠnot	 ﾠrule	 ﾠout	 ﾠpremature	 ﾠ
differentiation	 ﾠcompletely,	 ﾠand	 ﾠmay	 ﾠrequire	 ﾠanalysis	 ﾠof	 ﾠother	 ﾠmarkers	 ﾠof	 ﾠ
neurogenesis,	 ﾠa	 ﾠdifferent	 ﾠtime	 ﾠpoint	 ﾠor	 ﾠa	 ﾠgreater	 ﾠnumber	 ﾠof	 ﾠembryos	 ﾠto	 ﾠreveal	 ﾠany	 ﾠ
changes.	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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Figure	 ﾠ4-ﾭ‐12:	 ﾠModel	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Cartoon	 ﾠdepicting	 ﾠthe	 ﾠproposed	 ﾠcause	 ﾠfor	 ﾠthe	 ﾠphenotype	 ﾠobserved	 ﾠupon	 ﾠloss	 ﾠof	 ﾠboth	 ﾠ
Plzfa	 ﾠand	 ﾠPlzfb	 ﾠfunction	 ﾠat	 ﾠ44	 ﾠhpf.	 ﾠ	 ﾠInjection	 ﾠof	 ﾠcontrol	 ﾠMO	 ﾠresults	 ﾠin	 ﾠhindbrain	 ﾠ
neurogenesis	 ﾠhappening	 ﾠas	 ﾠdescribed	 ﾠpreviously	 ﾠin	 ﾠFigure	 ﾠ4-ﾭ‐7.	 ﾠ	 ﾠUpon	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ
knockdown	 ﾠthere	 ﾠis	 ﾠa	 ﾠgradual	 ﾠdepletion	 ﾠof	 ﾠneural	 ﾠprogenitors	 ﾠsuch	 ﾠthat	 ﾠby	 ﾠthis	 ﾠstage	 ﾠ
there	 ﾠis	 ﾠa	 ﾠreduction	 ﾠof	 ﾠdifferentiating	 ﾠcells	 ﾠalong	 ﾠthe	 ﾠglial	 ﾠfibres.	 ﾠ	 ﾠConsequently,	 ﾠ
neurons	 ﾠare	 ﾠno	 ﾠlonger	 ﾠprevented	 ﾠfrom	 ﾠoccupying	 ﾠlocations	 ﾠadjacent	 ﾠto	 ﾠrhombomere	 ﾠ
boundaries	 ﾠin	 ﾠthe	 ﾠmantle	 ﾠzone.	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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An	 ﾠalternative	 ﾠexplanation	 ﾠis	 ﾠthat	 ﾠthe	 ﾠlower	 ﾠnumber	 ﾠof	 ﾠprogenitors	 ﾠis	 ﾠcaused	 ﾠ
by	 ﾠreduced	 ﾠproliferation.	 ﾠ	 ﾠTechnical	 ﾠreasons	 ﾠrelated	 ﾠto	 ﾠthe	 ﾠdevelopmental	 ﾠdelay	 ﾠ
caused	 ﾠby	 ﾠthe	 ﾠMOs	 ﾠhindered	 ﾠby	 ﾠability	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠproliferation	 ﾠis	 ﾠ
affected	 ﾠin	 ﾠthe	 ﾠmorphants.	 ﾠ	 ﾠInstead,	 ﾠI	 ﾠused	 ﾠgain	 ﾠof	 ﾠfunction	 ﾠexperiments	 ﾠto	 ﾠsee	 ﾠ
whether	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcells	 ﾠundergoing	 ﾠmitosis	 ﾠwas	 ﾠaffected.	 ﾠ	 ﾠI	 ﾠdid	 ﾠnot	 ﾠobserve	 ﾠany	 ﾠ
significant	 ﾠchanges	 ﾠin	 ﾠproliferation	 ﾠupon	 ﾠectopic	 ﾠPlzfa	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠearly	 ﾠ
zebrafish	 ﾠembryo.	 ﾠ	 ﾠFurther	 ﾠanalysis	 ﾠis	 ﾠrequired	 ﾠlooking	 ﾠat	 ﾠother	 ﾠstages	 ﾠin	 ﾠthe	 ﾠcell	 ﾠ
cycle	 ﾠin	 ﾠorder	 ﾠto	 ﾠfurther	 ﾠinvestigate	 ﾠwhether	 ﾠproliferation	 ﾠis	 ﾠaffected	 ﾠby	 ﾠPlzf.	 ﾠ
Comparisons	 ﾠwith	 ﾠother	 ﾠmodel	 ﾠorganisms	 ﾠ	 ﾠ
Studies	 ﾠin	 ﾠthe	 ﾠmouse	 ﾠand	 ﾠchicken	 ﾠspinal	 ﾠcord	 ﾠfound	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠ
neural	 ﾠprogenitor	 ﾠmaintenance	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIn	 ﾠthese	 ﾠorganisms	 ﾠthere	 ﾠis	 ﾠjust	 ﾠ
the	 ﾠsingle	 ﾠPlzf	 ﾠgene.	 ﾠ	 ﾠI	 ﾠbelieve	 ﾠthat	 ﾠI	 ﾠam	 ﾠobserving	 ﾠa	 ﾠsimilar	 ﾠeffect	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠ
hindbrain,	 ﾠalthough	 ﾠthere	 ﾠare	 ﾠsome	 ﾠdifferences	 ﾠwhen	 ﾠcomparing	 ﾠresults.	 ﾠ	 ﾠThey	 ﾠshow	 ﾠ
that	 ﾠknockdown	 ﾠof	 ﾠprotein	 ﾠfunction	 ﾠresults	 ﾠin	 ﾠreduced	 ﾠexpression	 ﾠof	 ﾠprogenitor	 ﾠ
markers,	 ﾠsuch	 ﾠas	 ﾠSox2.	 ﾠ	 ﾠI	 ﾠcarried	 ﾠout	 ﾠthe	 ﾠsame	 ﾠexperiment	 ﾠin	 ﾠzebrafish,	 ﾠbut	 ﾠdid	 ﾠnot	 ﾠ
observe	 ﾠany	 ﾠconsistent	 ﾠchanges	 ﾠin	 ﾠprotein	 ﾠexpression.	 ﾠ	 ﾠSimilar	 ﾠto	 ﾠmy	 ﾠresults,	 ﾠthey	 ﾠdo	 ﾠ
not	 ﾠobserve	 ﾠan	 ﾠincrease	 ﾠin	 ﾠterminal	 ﾠdifferentiation	 ﾠupon	 ﾠknockdown	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠ
chicken	 ﾠspinal	 ﾠcord.	 ﾠ	 ﾠInstead,	 ﾠthey	 ﾠsee	 ﾠincreases	 ﾠin	 ﾠearly	 ﾠdifferentiation	 ﾠmarkers	 ﾠsuch	 ﾠ
as	 ﾠNeurog2,	 ﾠhighlighting	 ﾠthe	 ﾠrequirement	 ﾠto	 ﾠtest	 ﾠmore	 ﾠmarkers	 ﾠin	 ﾠmy	 ﾠanalysis.	 ﾠ
The	 ﾠdifferences	 ﾠin	 ﾠphenotypes	 ﾠbetween	 ﾠmy	 ﾠwork	 ﾠand	 ﾠthe	 ﾠpublished	 ﾠwork	 ﾠ
could	 ﾠbe	 ﾠrelated	 ﾠto	 ﾠthe	 ﾠdifferent	 ﾠregions	 ﾠof	 ﾠthe	 ﾠCNS	 ﾠbeing	 ﾠstudied,	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠ
different	 ﾠmodel	 ﾠorganisms.	 ﾠ	 ﾠThey	 ﾠreport	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠgradually	 ﾠrestricted	 ﾠto	 ﾠa	 ﾠcentral	 ﾠ
region	 ﾠof	 ﾠthe	 ﾠdorsal-ﾭ‐ventral	 ﾠaxis	 ﾠin	 ﾠthe	 ﾠspinal	 ﾠcord,	 ﾠand	 ﾠthat	 ﾠPlzf	 ﾠpositively	 ﾠregulates	 ﾠ
FGF	 ﾠreceptor	 ﾠ3	 ﾠin	 ﾠthese	 ﾠcells	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThis	 ﾠselectively	 ﾠprovides	 ﾠcells	 ﾠwith	 ﾠ
the	 ﾠability	 ﾠto	 ﾠrespond	 ﾠto	 ﾠthe	 ﾠubiquitously	 ﾠexpressed	 ﾠFGF8	 ﾠligand,	 ﾠconferring	 ﾠa	 ﾠset	 ﾠof	 ﾠ
progenitors	 ﾠwith	 ﾠgreater	 ﾠproliferative	 ﾠpotential	 ﾠthan	 ﾠsurrounding	 ﾠcells.	 ﾠ	 ﾠWhether	 ﾠa	 ﾠ
similar	 ﾠmechanism	 ﾠoccurs	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠdirectly	 ﾠtested.	 ﾠ	 ﾠ
Evidence	 ﾠagainst	 ﾠthe	 ﾠsame	 ﾠmechanism	 ﾠoccurring	 ﾠin	 ﾠzebrafish	 ﾠcomes	 ﾠfrom	 ﾠthe	 ﾠfact	 ﾠ
that	 ﾠI	 ﾠdo	 ﾠnot	 ﾠobserve	 ﾠthe	 ﾠsame	 ﾠdorsal-ﾭ‐ventral	 ﾠrestriction	 ﾠof	 ﾠPlzf	 ﾠexpression	 ﾠthat	 ﾠthey	 ﾠ
find.	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	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Caveats	 ﾠto	 ﾠMO	 ﾠusage	 ﾠ
The	 ﾠmajority	 ﾠof	 ﾠmy	 ﾠwork	 ﾠinto	 ﾠdetermining	 ﾠthe	 ﾠrole	 ﾠof	 ﾠPlzf	 ﾠwithin	 ﾠprogenitors	 ﾠ
has	 ﾠinvolved	 ﾠknocking	 ﾠdown	 ﾠexpression	 ﾠusing	 ﾠMOs.	 ﾠ	 ﾠMO	 ﾠusage	 ﾠis	 ﾠcommonly	 ﾠ
associated	 ﾠwith	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠthat	 ﾠcan	 ﾠmake	 ﾠinterpretation	 ﾠof	 ﾠa	 ﾠspecific	 ﾠ
phenotype	 ﾠdifficult.	 ﾠ	 ﾠOff-ﾭ‐target	 ﾠeffects	 ﾠinclude	 ﾠwidespread	 ﾠcell	 ﾠdeath	 ﾠwithin	 ﾠthe	 ﾠ
nervous	 ﾠsystem	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠand	 ﾠa	 ﾠdevelopmental	 ﾠdelay,	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠthis	 ﾠ
work.	 ﾠ	 ﾠIt	 ﾠis	 ﾠtherefore	 ﾠessential	 ﾠto	 ﾠinclude	 ﾠthe	 ﾠcorrect	 ﾠcontrols	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠ
phenotype.	 ﾠ	 ﾠThis	 ﾠincludes	 ﾠinjecting	 ﾠMOs	 ﾠinto	 ﾠa	 ﾠtp53	 ﾠmutant	 ﾠbackground	 ﾠwhere	 ﾠ
apoptosis	 ﾠis	 ﾠblocked	 ﾠand	 ﾠensuring	 ﾠthat	 ﾠthe	 ﾠembryos	 ﾠare	 ﾠstage-ﾭ‐matched	 ﾠrather	 ﾠthan	 ﾠ
time-ﾭ‐matched	 ﾠ(Gerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011,	 ﾠBedell	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
There	 ﾠare	 ﾠspecific	 ﾠproblems	 ﾠrelating	 ﾠto	 ﾠboth	 ﾠusing	 ﾠthe	 ﾠtp53	 ﾠmutant	 ﾠline	 ﾠand	 ﾠ
the	 ﾠdevelopmental	 ﾠdelay.	 ﾠ	 ﾠBlocking	 ﾠapoptosis	 ﾠis	 ﾠnot	 ﾠideal	 ﾠfor	 ﾠinvestigating	 ﾠfunction	 ﾠof	 ﾠ
a	 ﾠgene	 ﾠthat	 ﾠmay	 ﾠinclude	 ﾠa	 ﾠrole	 ﾠin	 ﾠcell	 ﾠsurvival.	 ﾠ	 ﾠSeveral	 ﾠpublications	 ﾠsuggest	 ﾠthat	 ﾠloss	 ﾠ
of	 ﾠfunction	 ﾠof	 ﾠPlzf	 ﾠresults	 ﾠin	 ﾠincreased	 ﾠapoptosis,	 ﾠincluding	 ﾠwork	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠ(Costoya	 ﾠ
et	 ﾠal.,	 ﾠ2004,	 ﾠParrado	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠGaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠBy	 ﾠpreventing	 ﾠapoptosis	 ﾠfor	 ﾠ
occurring	 ﾠin	 ﾠmy	 ﾠMO	 ﾠexperiments	 ﾠI	 ﾠmay	 ﾠbe	 ﾠnot	 ﾠable	 ﾠto	 ﾠrealise	 ﾠthe	 ﾠfull	 ﾠextent	 ﾠof	 ﾠthe	 ﾠ
loss	 ﾠof	 ﾠfunction	 ﾠphenotype	 ﾠin	 ﾠzebrafish.	 ﾠ	 ﾠBoth	 ﾠmy	 ﾠresults	 ﾠand	 ﾠthe	 ﾠpublished	 ﾠwork	 ﾠ
suggest	 ﾠthat	 ﾠattenuating	 ﾠPlzf	 ﾠfunction	 ﾠresults	 ﾠin	 ﾠa	 ﾠsubtle	 ﾠphenotype	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠ
(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠa	 ﾠdevelopmental	 ﾠdelay	 ﾠtherefore	 ﾠmakes	 ﾠit	 ﾠ
extremely	 ﾠdifficult	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠslight	 ﾠalterations	 ﾠin	 ﾠcell	 ﾠnumber	 ﾠare	 ﾠspecifically	 ﾠ
related	 ﾠto	 ﾠPlzf	 ﾠfunction.	 ﾠ	 ﾠFurthermore,	 ﾠMOs	 ﾠoften	 ﾠdo	 ﾠnot	 ﾠlead	 ﾠto	 ﾠa	 ﾠcomplete	 ﾠloss	 ﾠof	 ﾠ
protein.	 ﾠ	 ﾠI	 ﾠhave	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠplzfa	 ﾠMO	 ﾠis	 ﾠable	 ﾠto	 ﾠsignificantly	 ﾠreduce	 ﾠprotein	 ﾠ
expression	 ﾠfrom	 ﾠthe	 ﾠantibody	 ﾠstaining,	 ﾠbut	 ﾠthere	 ﾠmay	 ﾠbe	 ﾠlow	 ﾠlevels	 ﾠof	 ﾠprotein	 ﾠ
remaining	 ﾠthat	 ﾠare	 ﾠundetectable	 ﾠby	 ﾠthe	 ﾠantibody.	 ﾠ
Several	 ﾠmethods	 ﾠhave	 ﾠbeen	 ﾠused	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠspecificity	 ﾠof	 ﾠknockdowns	 ﾠ
(Bill	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠBedell	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠOne	 ﾠmethod	 ﾠis	 ﾠto	 ﾠuse	 ﾠseveral	 ﾠdifferent	 ﾠMOs	 ﾠ
targeted	 ﾠagainst	 ﾠdifferent	 ﾠregions	 ﾠof	 ﾠthe	 ﾠsame	 ﾠgene.	 ﾠ	 ﾠRNA	 ﾠrescue	 ﾠis	 ﾠanother	 ﾠ
important	 ﾠvalidation	 ﾠmethod.	 ﾠ	 ﾠThis	 ﾠinvolves	 ﾠproviding	 ﾠboth	 ﾠthe	 ﾠMO	 ﾠand	 ﾠexogenous	 ﾠ
gene	 ﾠproduct	 ﾠinto	 ﾠembryos	 ﾠand	 ﾠthen	 ﾠdetermining	 ﾠwhether	 ﾠthis	 ﾠpartially	 ﾠor	 ﾠfully	 ﾠ
rescues	 ﾠthe	 ﾠphenotype.	 ﾠ	 ﾠThis	 ﾠtechnique	 ﾠis	 ﾠknown	 ﾠto	 ﾠbe	 ﾠproblematic	 ﾠif	 ﾠthere	 ﾠis	 ﾠa	 ﾠ
strong	 ﾠgain	 ﾠof	 ﾠexpression	 ﾠphenotype	 ﾠfor	 ﾠthe	 ﾠgene,	 ﾠor	 ﾠoverexpression	 ﾠaffects	 ﾠ
development	 ﾠoutside	 ﾠof	 ﾠthe	 ﾠprocess	 ﾠbeing	 ﾠstudied	 ﾠ(Gerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠChapter	 ﾠ4:	 ﾠProgenitor	 ﾠMaintenance	 ﾠ
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The	 ﾠdefinitive	 ﾠcontrol	 ﾠfor	 ﾠa	 ﾠMO	 ﾠknockdown	 ﾠis	 ﾠto	 ﾠobserve	 ﾠthe	 ﾠsame	 ﾠphenotype	 ﾠ
in	 ﾠa	 ﾠmutant	 ﾠline	 ﾠfor	 ﾠthe	 ﾠsame	 ﾠgene.	 ﾠ	 ﾠDue	 ﾠto	 ﾠthe	 ﾠuncertainties	 ﾠassociated	 ﾠwith	 ﾠMO	 ﾠ
usage,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠgenerate	 ﾠloss-ﾭ‐of-ﾭ‐function	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠgenes	 ﾠ
and	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠresulting	 ﾠembryos	 ﾠdisplay	 ﾠthe	 ﾠsame	 ﾠphenotype.	 ﾠ	 ﾠThis	 ﾠ
shall	 ﾠbe	 ﾠdescribed	 ﾠin	 ﾠdetail	 ﾠin	 ﾠthe	 ﾠnext	 ﾠchapter.	 ﾠ
Conclusions	 ﾠ
In	 ﾠvarious	 ﾠtissues,	 ﾠPlzf	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠmaintain	 ﾠprogenitors	 ﾠand	 ﾠis	 ﾠ
important	 ﾠfor	 ﾠthe	 ﾠsubsequent	 ﾠgeneration	 ﾠof	 ﾠdifferentiated	 ﾠcell	 ﾠtypes.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠchapter	 ﾠ
I	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠare	 ﾠwidely	 ﾠexpressed	 ﾠthroughout	 ﾠthe	 ﾠdeveloping	 ﾠ
zebrafish	 ﾠCNS	 ﾠand	 ﾠoverlap	 ﾠin	 ﾠneural	 ﾠprogenitors	 ﾠof	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠI	 ﾠhave	 ﾠpresented	 ﾠ
data	 ﾠsuggesting	 ﾠthat	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠfunction	 ﾠtogether	 ﾠin	 ﾠthe	 ﾠmaintenance	 ﾠof	 ﾠ
progenitor	 ﾠcells.	 ﾠ	 ﾠMy	 ﾠnext	 ﾠaim	 ﾠis	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠmorphant	 ﾠphenotype	 ﾠand	 ﾠperform	 ﾠ
further	 ﾠanalysis	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠby	 ﾠgenerating	 ﾠzebrafish	 ﾠcontaining	 ﾠloss-ﾭ‐of-ﾭ‐function	 ﾠ
mutations	 ﾠin	 ﾠthe	 ﾠplzf	 ﾠgenes.	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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5  Editing	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠusing	 ﾠTALENs	 ﾠ
5.1  Introduction	 ﾠ
The	 ﾠzebrafish	 ﾠhas	 ﾠseveral	 ﾠadvantages	 ﾠfor	 ﾠstudying	 ﾠgene	 ﾠfunction,	 ﾠbut	 ﾠhas	 ﾠ
some	 ﾠlimitations	 ﾠin	 ﾠthe	 ﾠability	 ﾠto	 ﾠcarry	 ﾠout	 ﾠreverse	 ﾠgenetic	 ﾠtechniques	 ﾠto	 ﾠalter	 ﾠ
identified	 ﾠgenes.	 ﾠ	 ﾠWhilst	 ﾠMO	 ﾠusage	 ﾠhas	 ﾠbeen	 ﾠwidely	 ﾠadopted	 ﾠto	 ﾠtransiently	 ﾠ
knockdown	 ﾠgene	 ﾠexpression,	 ﾠthey	 ﾠrarely	 ﾠlead	 ﾠto	 ﾠcomplete	 ﾠloss	 ﾠof	 ﾠprotein	 ﾠ(Bill	 ﾠet	 ﾠal.,	 ﾠ
2009),	 ﾠare	 ﾠunsuitable	 ﾠfor	 ﾠdisrupting	 ﾠmultiple	 ﾠgenes	 ﾠsimultaneously	 ﾠand	 ﾠcan	 ﾠlead	 ﾠto	 ﾠ
non-ﾭ‐specific	 ﾠoff-ﾭ‐target	 ﾠeffects,	 ﾠparticularly	 ﾠin	 ﾠnervous	 ﾠsystem	 ﾠdevelopment	 ﾠ(Robu	 ﾠet	 ﾠ
al.,	 ﾠ2007,	 ﾠGerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠThese	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠinclude	 ﾠa	 ﾠ
developmental	 ﾠdelay,	 ﾠsuch	 ﾠas	 ﾠis	 ﾠshown	 ﾠin	 ﾠAppendix	 ﾠFigure	 ﾠ8-ﾭ‐3,	 ﾠand	 ﾠthe	 ﾠwidespread	 ﾠ
induction	 ﾠof	 ﾠcell	 ﾠapoptosis,	 ﾠwhich	 ﾠcan	 ﾠbe	 ﾠrescued	 ﾠby	 ﾠthe	 ﾠsimultaneous	 ﾠknockdown	 ﾠof	 ﾠ
tumour	 ﾠsuppressor	 ﾠprotein	 ﾠTp53	 ﾠor	 ﾠthe	 ﾠuse	 ﾠof	 ﾠtp53	 ﾠmutants	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠ
Gerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠInjection	 ﾠof	 ﾠthe	 ﾠstandard	 ﾠcontrol	 ﾠMOs	 ﾠfrom	 ﾠGene	 ﾠTools	 ﾠ
does	 ﾠnot	 ﾠappear	 ﾠto	 ﾠcause	 ﾠeither	 ﾠof	 ﾠthese	 ﾠtoxic	 ﾠeffects,	 ﾠmaking	 ﾠit	 ﾠdifficult	 ﾠto	 ﾠ
accurately	 ﾠcompare	 ﾠwith	 ﾠthe	 ﾠmorphant	 ﾠembryos.	 ﾠ
An	 ﾠideal	 ﾠsolution	 ﾠto	 ﾠthese	 ﾠdrawbacks	 ﾠwould	 ﾠbe	 ﾠto	 ﾠgenerate	 ﾠzebrafish	 ﾠlines	 ﾠ
containing	 ﾠa	 ﾠloss	 ﾠof	 ﾠfunction	 ﾠmutation	 ﾠin	 ﾠa	 ﾠtargeted	 ﾠgene.	 ﾠ	 ﾠThere	 ﾠare	 ﾠongoing	 ﾠlarge-ﾭ‐
scale	 ﾠattempts	 ﾠto	 ﾠgenerate	 ﾠmutant	 ﾠzebrafish	 ﾠlines	 ﾠusing	 ﾠrandom	 ﾠmutagenesis	 ﾠ
followed	 ﾠby	 ﾠidentification	 ﾠof	 ﾠaffected	 ﾠgenes	 ﾠ(known	 ﾠas	 ﾠTILLING),	 ﾠbut	 ﾠthese	 ﾠefforts	 ﾠ
have	 ﾠnot	 ﾠproduced	 ﾠlines	 ﾠwith	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠplzf	 ﾠparalogues	 ﾠat	 ﾠthe	 ﾠtime	 ﾠof	 ﾠwriting	 ﾠ
(Zebrafish	 ﾠMutation	 ﾠProject,	 ﾠWellcome	 ﾠTrust	 ﾠSanger	 ﾠInstitute).	 ﾠ	 ﾠIn	 ﾠrecent	 ﾠyears,	 ﾠthe	 ﾠ
advent	 ﾠof	 ﾠtargetable	 ﾠnuclease	 ﾠtechnology	 ﾠhas	 ﾠmade	 ﾠit	 ﾠfeasible	 ﾠto	 ﾠinduce	 ﾠmutations	 ﾠ
at	 ﾠspecific	 ﾠloci	 ﾠin	 ﾠthe	 ﾠgenome	 ﾠof	 ﾠnumerous	 ﾠorganisms,	 ﾠincluding	 ﾠzebrafish	 ﾠ(Carroll,	 ﾠ
2013).	 ﾠ	 ﾠThere	 ﾠare	 ﾠnow	 ﾠthree	 ﾠclasses	 ﾠof	 ﾠgenome	 ﾠtargeting	 ﾠtechnologies:	 ﾠzinc	 ﾠfinger	 ﾠ
nucleases	 ﾠ(ZFNs),	 ﾠtranscription	 ﾠactivator-ﾭ‐like	 ﾠeffector	 ﾠnucleases	 ﾠ(TALENs)	 ﾠand	 ﾠthe	 ﾠ
clustered,	 ﾠregularly	 ﾠinterspaced,	 ﾠshort	 ﾠpalindromic	 ﾠrepeats	 ﾠ(CRISPR)	 ﾠCas9	 ﾠsystem.	 ﾠ
I	 ﾠelected	 ﾠto	 ﾠuse	 ﾠthe	 ﾠTALEN	 ﾠtechnology	 ﾠwith	 ﾠthe	 ﾠintention	 ﾠof	 ﾠgenerating	 ﾠloss	 ﾠof	 ﾠ
function	 ﾠmutations	 ﾠin	 ﾠgenes	 ﾠassociated	 ﾠwith	 ﾠplzf.	 ﾠ	 ﾠThe	 ﾠinitial	 ﾠaim	 ﾠof	 ﾠgenerating	 ﾠ
mutants	 ﾠwas	 ﾠto	 ﾠvalidate	 ﾠmy	 ﾠknockdown	 ﾠexperiments	 ﾠby	 ﾠdetermining	 ﾠwhether	 ﾠI	 ﾠcould	 ﾠ
phenocopy	 ﾠthe	 ﾠmorphant	 ﾠphenotype.	 ﾠ	 ﾠSubsequently,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠcarry	 ﾠout	 ﾠfurther	 ﾠ
functional	 ﾠanalysis	 ﾠon	 ﾠthe	 ﾠtargeted	 ﾠgenes	 ﾠand	 ﾠperform	 ﾠa	 ﾠgenome-ﾭ‐wide	 ﾠscreen	 ﾠfor	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
	 ﾠ 152	 ﾠ
expression	 ﾠlevels	 ﾠof	 ﾠaffected	 ﾠgenes	 ﾠin	 ﾠthe	 ﾠmutants	 ﾠin	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠpotential	 ﾠ
downstream	 ﾠtargets.	 ﾠ
In	 ﾠthis	 ﾠchapter	 ﾠI	 ﾠwill	 ﾠinitially	 ﾠdescribe	 ﾠthe	 ﾠstrategy	 ﾠI	 ﾠused	 ﾠfor	 ﾠinducing	 ﾠ
mutations	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠusing	 ﾠTALENs	 ﾠand	 ﾠthe	 ﾠmethods	 ﾠused	 ﾠto	 ﾠscreen	 ﾠfor	 ﾠ
these	 ﾠmutations.	 ﾠ	 ﾠI	 ﾠthen	 ﾠshow	 ﾠhow	 ﾠI	 ﾠcan	 ﾠefficiently	 ﾠgenerate	 ﾠloss	 ﾠof	 ﾠfunction	 ﾠ
mutations	 ﾠin	 ﾠboth	 ﾠplzf	 ﾠparalogues	 ﾠand	 ﾠthat	 ﾠthese	 ﾠmutations	 ﾠare	 ﾠtransmitted	 ﾠto	 ﾠfuture	 ﾠ
generations.	 ﾠ	 ﾠFinally,	 ﾠI	 ﾠcarry	 ﾠout	 ﾠfunctional	 ﾠanalysis	 ﾠusing	 ﾠthese	 ﾠmutant	 ﾠembryos,	 ﾠ
attempting	 ﾠto	 ﾠphenocopy	 ﾠthe	 ﾠmorphant	 ﾠphenotype	 ﾠpreviously	 ﾠdescribed	 ﾠin	 ﾠChapter	 ﾠ
4.4.	 ﾠ	 ﾠ
5.2  Targeting	 ﾠthe	 ﾠgenome	 ﾠusing	 ﾠTALENs	 ﾠ
ZFN	 ﾠand	 ﾠTALEN	 ﾠarchitecture	 ﾠ
Current	 ﾠtechnology	 ﾠfor	 ﾠgenome	 ﾠediting	 ﾠemploys	 ﾠnatural	 ﾠDNA	 ﾠbinding	 ﾠ
elements	 ﾠto	 ﾠgenerate	 ﾠdouble-ﾭ‐stranded	 ﾠbreaks	 ﾠin	 ﾠan	 ﾠorganism’s	 ﾠgenome.	 ﾠ	 ﾠ
Chronologically,	 ﾠthe	 ﾠfirst	 ﾠtechnology	 ﾠdeveloped	 ﾠfor	 ﾠthis	 ﾠpurpose	 ﾠwas	 ﾠZFNs	 ﾠ(Kim	 ﾠet	 ﾠal.,	 ﾠ
1996b).	 ﾠ	 ﾠA	 ﾠZFN	 ﾠis	 ﾠcomposed	 ﾠof	 ﾠa	 ﾠpair	 ﾠof	 ﾠarrays,	 ﾠeach	 ﾠcontaining	 ﾠthree	 ﾠor	 ﾠfour	 ﾠDNA	 ﾠ
binding	 ﾠzinc	 ﾠfingers	 ﾠfused	 ﾠto	 ﾠthe	 ﾠnuclease	 ﾠdomain	 ﾠof	 ﾠthe	 ﾠFokI	 ﾠtype	 ﾠIIS	 ﾠrestriction	 ﾠ
enzyme.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠfor	 ﾠthe	 ﾠenzyme	 ﾠto	 ﾠcut	 ﾠDNA,	 ﾠthe	 ﾠFokI	 ﾠnuclease	 ﾠdomain	 ﾠmust	 ﾠ
dimerise	 ﾠ(Bitinaite	 ﾠet	 ﾠal.,	 ﾠ1998)	 ﾠand	 ﾠtherefore	 ﾠdouble-ﾭ‐stranded	 ﾠbreaks	 ﾠare	 ﾠonly	 ﾠ
induced	 ﾠwhen	 ﾠthe	 ﾠpair	 ﾠof	 ﾠarrays	 ﾠbinds	 ﾠDNA	 ﾠclose	 ﾠto	 ﾠeach	 ﾠother	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠEach	 ﾠ
zinc	 ﾠfinger	 ﾠmotif	 ﾠcontacts	 ﾠthree	 ﾠnucleotides	 ﾠand,	 ﾠin	 ﾠtheory,	 ﾠmultiple	 ﾠdifferent	 ﾠfingers	 ﾠ
can	 ﾠbe	 ﾠassembled	 ﾠtogether	 ﾠin	 ﾠorder	 ﾠto	 ﾠtarget	 ﾠa	 ﾠspecific	 ﾠDNA	 ﾠsequence.	 ﾠ	 ﾠIn	 ﾠpractice,	 ﾠ
however,	 ﾠthere	 ﾠare	 ﾠcontext-ﾭ‐dependent	 ﾠeffects	 ﾠwhereby	 ﾠneighbouring	 ﾠzinc	 ﾠfingers	 ﾠ
influence	 ﾠDNA	 ﾠbinding	 ﾠspecificity	 ﾠand	 ﾠprevent	 ﾠthis	 ﾠmodular	 ﾠapproach	 ﾠof	 ﾠassembly	 ﾠ
from	 ﾠbeing	 ﾠfully	 ﾠrealised	 ﾠ(Ramirez	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠInstead,	 ﾠlabour-ﾭ‐intensive	 ﾠand	 ﾠtime-ﾭ‐
consuming	 ﾠselection-ﾭ‐based	 ﾠmethods	 ﾠare	 ﾠused	 ﾠin	 ﾠorder	 ﾠto	 ﾠassemble	 ﾠthese	 ﾠarrays	 ﾠ
(Foley	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ
TALENs	 ﾠrecognise	 ﾠDNA	 ﾠin	 ﾠan	 ﾠapparently	 ﾠmodular	 ﾠfashion,	 ﾠfree	 ﾠfrom	 ﾠthe	 ﾠ
context	 ﾠeffects	 ﾠthat	 ﾠhinder	 ﾠwidespread	 ﾠuse	 ﾠof	 ﾠZFNs	 ﾠ(Bogdanove	 ﾠand	 ﾠVoytas,	 ﾠ2011).	 ﾠ	 ﾠ
Their	 ﾠDNA	 ﾠrecognition	 ﾠdomain	 ﾠ(TALE)	 ﾠcomes	 ﾠfrom	 ﾠcertain	 ﾠplant	 ﾠpathogenic	 ﾠbacteria,	 ﾠ
in	 ﾠparticular	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠXanthomonas	 ﾠgenus,	 ﾠwhich	 ﾠuse	 ﾠTALEs	 ﾠto	 ﾠdrive	 ﾠ
transcription	 ﾠof	 ﾠspecific	 ﾠhost	 ﾠgenes	 ﾠ(Römer	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠEach	 ﾠTALE	 ﾠprotein	 ﾠcontains	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
	 ﾠ 153	 ﾠ
a	 ﾠconserved	 ﾠN-ﾭ‐terminal	 ﾠdomain,	 ﾠfollowed	 ﾠby	 ﾠa	 ﾠseries	 ﾠof	 ﾠamino	 ﾠacid	 ﾠrepeats	 ﾠand	 ﾠ
finally	 ﾠa	 ﾠconserved	 ﾠC-ﾭ‐terminal	 ﾠdomain.	 ﾠ	 ﾠThese	 ﾠnatural	 ﾠTALEs	 ﾠhave	 ﾠbeen	 ﾠreengineered	 ﾠ
to	 ﾠbe	 ﾠsuitable	 ﾠfor	 ﾠuse	 ﾠin	 ﾠa	 ﾠnumber	 ﾠof	 ﾠorganisms	 ﾠand	 ﾠfused	 ﾠto	 ﾠthe	 ﾠFokI	 ﾠnuclease	 ﾠ
domain	 ﾠto	 ﾠform	 ﾠartificial	 ﾠTALENs	 ﾠas	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐1a	 ﾠ(Miller	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIt	 ﾠhas	 ﾠ
been	 ﾠdescribed	 ﾠthat	 ﾠtruncating	 ﾠthe	 ﾠN-ﾭ‐	 ﾠand	 ﾠC-ﾭ‐terminus	 ﾠ(described	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠas	 ﾠ
∆152	 ﾠand	 ﾠ+63)	 ﾠsignificantly	 ﾠimproves	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠTALEN	 ﾠcutting	 ﾠ(Miller	 ﾠet	 ﾠal.,	 ﾠ
2011,	 ﾠBedell	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠMussolino	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠIn	 ﾠan	 ﾠanalogous	 ﾠway	 ﾠto	 ﾠZFNs,	 ﾠ
TALENs	 ﾠwork	 ﾠin	 ﾠpairs	 ﾠcontaining	 ﾠa	 ﾠleft	 ﾠarray	 ﾠand	 ﾠa	 ﾠright	 ﾠarray.	 ﾠ
The	 ﾠrepeats	 ﾠfound	 ﾠin	 ﾠnature	 ﾠare	 ﾠtypically	 ﾠcomposed	 ﾠof	 ﾠ34	 ﾠamino	 ﾠacids	 ﾠthat	 ﾠ
are	 ﾠalmost	 ﾠexclusively	 ﾠpolymorphic	 ﾠwithin	 ﾠtwo	 ﾠamino	 ﾠacids	 ﾠat	 ﾠpositions	 ﾠ12	 ﾠand	 ﾠ13,	 ﾠ
referred	 ﾠto	 ﾠas	 ﾠthe	 ﾠ“repeat	 ﾠvariable	 ﾠdi-ﾭ‐residue”	 ﾠ(RVD),	 ﾠwhich	 ﾠconfer	 ﾠbase	 ﾠspecificity	 ﾠ
(Moscou	 ﾠand	 ﾠBogdanove,	 ﾠ2009,	 ﾠBoch	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠThere	 ﾠare	 ﾠfour	 ﾠRVDs	 ﾠmost	 ﾠ
commonly	 ﾠfound	 ﾠin	 ﾠnature,	 ﾠeach	 ﾠrecognising	 ﾠone	 ﾠof	 ﾠthe	 ﾠfour	 ﾠDNA	 ﾠnucleotides	 ﾠshown	 ﾠ
in	 ﾠFigure	 ﾠ5-ﾭ‐1a.	 ﾠ	 ﾠThree-ﾭ‐dimensional	 ﾠstructures	 ﾠof	 ﾠTALE-ﾭ‐DNA	 ﾠcomplexes	 ﾠhave	 ﾠbeen	 ﾠ
solved	 ﾠand	 ﾠreveal	 ﾠthat	 ﾠamino	 ﾠacid	 ﾠ13	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠcontacting	 ﾠthe	 ﾠbase	 ﾠof	 ﾠthe	 ﾠ
target	 ﾠnucleotide	 ﾠwhilst	 ﾠamino	 ﾠacid	 ﾠ12	 ﾠstabilises	 ﾠthe	 ﾠstructure	 ﾠ(Deng	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠ
Mak	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠThe	 ﾠstructures	 ﾠalso	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠNN	 ﾠand	 ﾠHD	 ﾠRVDs	 ﾠform	 ﾠhydrogen	 ﾠ
bonds	 ﾠwith	 ﾠDNA	 ﾠbases	 ﾠwhilst	 ﾠthe	 ﾠother	 ﾠtwo	 ﾠRVDs	 ﾠmake	 ﾠweaker	 ﾠvan	 ﾠder	 ﾠWaals	 ﾠ
contacts.	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠminimise	 ﾠthe	 ﾠpotential	 ﾠfor	 ﾠoff-ﾭ‐target	 ﾠactivity	 ﾠof	 ﾠthe	 ﾠTALEN	 ﾠpairs,	 ﾠ
various	 ﾠgroups	 ﾠhave	 ﾠmutated	 ﾠspecific	 ﾠresidues	 ﾠwithin	 ﾠthe	 ﾠcleavage	 ﾠdomain	 ﾠof	 ﾠthe	 ﾠ
FokI	 ﾠnuclease	 ﾠin	 ﾠorder	 ﾠto	 ﾠalter	 ﾠits	 ﾠfunction	 ﾠfrom	 ﾠa	 ﾠhomodimer	 ﾠto	 ﾠan	 ﾠobligate	 ﾠ
heterodimer	 ﾠ(Miller	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠSzczepek	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠDoyon	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠ
heterodimeric	 ﾠpair	 ﾠthat	 ﾠI	 ﾠuse	 ﾠcontains	 ﾠmutations	 ﾠR487D	 ﾠ(DD)	 ﾠand	 ﾠD483R	 ﾠ(RR)	 ﾠfor	 ﾠthe	 ﾠ
left	 ﾠand	 ﾠright	 ﾠarray	 ﾠrespectively	 ﾠ(Miller	 ﾠet	 ﾠal.,	 ﾠ2007)	 ﾠ(Figure	 ﾠ5-ﾭ‐1b).	 ﾠ	 ﾠThese	 ﾠmutations	 ﾠ
eliminate	 ﾠoff-ﾭ‐target	 ﾠactivity	 ﾠthat	 ﾠcould	 ﾠbe	 ﾠcaused	 ﾠby,	 ﾠfor	 ﾠexample,	 ﾠthe	 ﾠleft	 ﾠarray	 ﾠ
binding	 ﾠin	 ﾠclose	 ﾠproximity	 ﾠto	 ﾠanother	 ﾠleft	 ﾠarray	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠIt	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠ
reported	 ﾠthat	 ﾠin	 ﾠsome	 ﾠcases	 ﾠthese	 ﾠheterodimeric	 ﾠTALEN	 ﾠpairs	 ﾠhave	 ﾠa	 ﾠhigher	 ﾠactivity	 ﾠ
than	 ﾠtheir	 ﾠhomodimeric	 ﾠcounterparts	 ﾠ(Cade	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ
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Figure	 ﾠ5-ﾭ‐1:	 ﾠArchitecture	 ﾠof	 ﾠTALENs	 ﾠ
a:	 ﾠA	 ﾠheterodimeric	 ﾠTALEN	 ﾠpair.	 ﾠ	 ﾠThe	 ﾠleft	 ﾠTALEN	 ﾠarray	 ﾠrecognises	 ﾠthe	 ﾠ20	 ﾠbp	 ﾠregion	 ﾠ
highlighted	 ﾠin	 ﾠblue	 ﾠthrough	 ﾠthe	 ﾠarrangement	 ﾠof	 ﾠRVDs	 ﾠshown	 ﾠwhilst	 ﾠthe	 ﾠright	 ﾠarray	 ﾠ
recognises	 ﾠthe	 ﾠ20	 ﾠbp	 ﾠhighlighted	 ﾠin	 ﾠred.	 ﾠ	 ﾠThe	 ﾠamino	 ﾠacid	 ﾠsequence	 ﾠfor	 ﾠan	 ﾠindividual	 ﾠ
repeat	 ﾠis	 ﾠshown	 ﾠand	 ﾠthe	 ﾠRVD	 ﾠ(HD)	 ﾠhighlighted	 ﾠin	 ﾠyellow.	 ﾠ	 ﾠThe	 ﾠspacer	 ﾠis	 ﾠdefined	 ﾠas	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠnucleotides	 ﾠbetween	 ﾠthe	 ﾠleft	 ﾠand	 ﾠright	 ﾠrecognition	 ﾠsequences.	 ﾠ	 ﾠRVDs	 ﾠare	 ﾠ
colour	 ﾠcoded	 ﾠto	 ﾠshow	 ﾠwhich	 ﾠbase	 ﾠthey	 ﾠinteract	 ﾠwith;	 ﾠNI,	 ﾠHD,	 ﾠNN	 ﾠand	 ﾠNG	 ﾠrecognising	 ﾠ
A,	 ﾠC,	 ﾠG	 ﾠand	 ﾠT	 ﾠrespectively	 ﾠ(boxed).	 ﾠThe	 ﾠrecognition	 ﾠsequence	 ﾠshown	 ﾠis	 ﾠfor	 ﾠthe	 ﾠplzfa	 ﾠ
TALENs.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
b:	 ﾠHeterodimeric	 ﾠTALENs.	 ﾠDNA	 ﾠcutting	 ﾠonly	 ﾠoccurs	 ﾠwhen	 ﾠthe	 ﾠDD	 ﾠand	 ﾠRR	 ﾠFokI	 ﾠvariants	 ﾠ
interact,	 ﾠwhich	 ﾠonly	 ﾠhappens	 ﾠwhen	 ﾠa	 ﾠleft	 ﾠarray	 ﾠand	 ﾠright	 ﾠarray	 ﾠcome	 ﾠinto	 ﾠcontact.	 ﾠ	 ﾠ
c:	 ﾠParameters	 ﾠused	 ﾠfor	 ﾠTALEN	 ﾠarray	 ﾠdesign.	 ﾠ	 ﾠ
d:	 ﾠTALEN	 ﾠpairs	 ﾠinduce	 ﾠdouble-ﾭ‐stranded	 ﾠbreaks	 ﾠin	 ﾠthe	 ﾠgenome	 ﾠthat	 ﾠare	 ﾠerroneously	 ﾠ
repaired	 ﾠby	 ﾠthe	 ﾠnon-ﾭ‐homologous	 ﾠend	 ﾠjoining	 ﾠ(NHEJ)	 ﾠpathway	 ﾠwhich	 ﾠfrequently	 ﾠ
results	 ﾠin	 ﾠthe	 ﾠinsertion	 ﾠand/or	 ﾠdeletion	 ﾠof	 ﾠnucleotides.	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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Most	 ﾠnatural	 ﾠTALEs	 ﾠhave	 ﾠbetween	 ﾠ13	 ﾠand	 ﾠ28	 ﾠrepeats	 ﾠ(Bogdanove	 ﾠand	 ﾠVoytas,	 ﾠ
2011)	 ﾠand	 ﾠthere	 ﾠis	 ﾠevidence	 ﾠof	 ﾠa	 ﾠpositive	 ﾠcorrelation	 ﾠwith	 ﾠnumber	 ﾠof	 ﾠrepeats	 ﾠand	 ﾠ
array	 ﾠactivity	 ﾠ(Cermak	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠReyon	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠThe	 ﾠspacer	 ﾠlength	 ﾠis	 ﾠdefined	 ﾠ
as	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠnucleotides	 ﾠbetween	 ﾠthe	 ﾠsequences	 ﾠrecognised	 ﾠby	 ﾠeach	 ﾠarray	 ﾠin	 ﾠa	 ﾠ
TALEN	 ﾠpair.	 ﾠ	 ﾠThe	 ﾠguidelines	 ﾠfor	 ﾠthe	 ﾠTALEN	 ﾠarchitecture	 ﾠI	 ﾠhave	 ﾠelected	 ﾠto	 ﾠuse	 ﾠare	 ﾠ
shown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐1c	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠthat	 ﾠa	 ﾠthymine	 ﾠbase	 ﾠ
just	 ﾠ5’	 ﾠof	 ﾠthe	 ﾠrecognition	 ﾠsequence	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠhigh	 ﾠaffinity	 ﾠbinding	 ﾠ(Mak	 ﾠet	 ﾠal.,	 ﾠ
2012,	 ﾠLamb	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠDesign	 ﾠand	 ﾠconstruction	 ﾠof	 ﾠthe	 ﾠTALENs	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠas	 ﾠ
described	 ﾠin	 ﾠChapter	 ﾠ2.5.	 ﾠ	 ﾠSynthesised	 ﾠcapped	 ﾠmRNA	 ﾠencoding	 ﾠthe	 ﾠTALEN	 ﾠpair	 ﾠwas	 ﾠ
injected	 ﾠinto	 ﾠthe	 ﾠ1-ﾭ‐cell	 ﾠstage	 ﾠof	 ﾠwild	 ﾠtype	 ﾠzebrafish	 ﾠembryos.	 ﾠ
Error-ﾭ‐prone	 ﾠrepair	 ﾠby	 ﾠnon-ﾭ‐homologous	 ﾠend	 ﾠjoining	 ﾠ(NHEJ)	 ﾠ
	 ﾠ There	 ﾠare	 ﾠtwo	 ﾠmain	 ﾠpathways	 ﾠfor	 ﾠthe	 ﾠrepair	 ﾠof	 ﾠDNA	 ﾠdouble-ﾭ‐stranded	 ﾠbreaks	 ﾠ
in	 ﾠeukaryotes:	 ﾠnon-ﾭ‐homologous	 ﾠend	 ﾠjoining	 ﾠ(NHEJ)	 ﾠand	 ﾠhomologous	 ﾠrecombination	 ﾠ
(Segal	 ﾠand	 ﾠMeckler,	 ﾠ2013).	 ﾠ	 ﾠHomologous	 ﾠrecombination	 ﾠrepairs	 ﾠDNA	 ﾠbreaks	 ﾠwithout	 ﾠ
error	 ﾠby	 ﾠcopying	 ﾠinformation	 ﾠfrom	 ﾠa	 ﾠhomologous	 ﾠsequence	 ﾠ(West,	 ﾠ2003),	 ﾠdescribed	 ﾠ
in	 ﾠmore	 ﾠdetail	 ﾠin	 ﾠChapter	 ﾠ6.	 ﾠ	 ﾠNHEJ	 ﾠis	 ﾠthe	 ﾠpredominant	 ﾠrepair	 ﾠpathway	 ﾠfor	 ﾠmost	 ﾠ
organisms	 ﾠand	 ﾠis	 ﾠhighly	 ﾠerror-ﾭ‐prone,	 ﾠoften	 ﾠresulting	 ﾠin	 ﾠthe	 ﾠinsertion	 ﾠand	 ﾠ/	 ﾠor	 ﾠdeletion	 ﾠ
of	 ﾠnucleotides	 ﾠ(known	 ﾠas	 ﾠindels)	 ﾠaround	 ﾠthe	 ﾠcut	 ﾠsite.	 ﾠ
	 ﾠ The	 ﾠuse	 ﾠof	 ﾠgene	 ﾠtargeting	 ﾠtechnology	 ﾠto	 ﾠcreate	 ﾠloss-ﾭ‐of-ﾭ‐function	 ﾠmutations	 ﾠin	 ﾠ
target	 ﾠgenes	 ﾠrelies	 ﾠon	 ﾠour	 ﾠability	 ﾠto	 ﾠexploit	 ﾠthe	 ﾠnatural	 ﾠNHEJ	 ﾠrepair	 ﾠpathway.	 ﾠ
Targeting	 ﾠa	 ﾠpair	 ﾠof	 ﾠTALENs	 ﾠto	 ﾠthe	 ﾠprotein	 ﾠcoding	 ﾠregion	 ﾠof	 ﾠa	 ﾠgene	 ﾠcauses	 ﾠa	 ﾠdouble-ﾭ‐
stranded	 ﾠbreak	 ﾠwithin	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠwhich	 ﾠwhen	 ﾠrepaired	 ﾠby	 ﾠthe	 ﾠNHEJ	 ﾠpathway	 ﾠ
will	 ﾠfrequently	 ﾠcause	 ﾠmissense	 ﾠand	 ﾠnonsense	 ﾠmutations	 ﾠthat	 ﾠwill	 ﾠlead	 ﾠto	 ﾠpremature	 ﾠ
termination	 ﾠof	 ﾠprotein	 ﾠtranslation,	 ﾠillustrated	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐1d.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠmaximise	 ﾠ
the	 ﾠpotential	 ﾠeffect	 ﾠof	 ﾠthese	 ﾠmutations,	 ﾠI	 ﾠtargeted	 ﾠthe	 ﾠTALEN	 ﾠpairs	 ﾠclose	 ﾠto	 ﾠthe	 ﾠ
translational	 ﾠstart	 ﾠsite	 ﾠof	 ﾠthe	 ﾠintended	 ﾠgenes.	 ﾠ	 ﾠIn	 ﾠeach	 ﾠcase,	 ﾠI	 ﾠconsidered	 ﾠthe	 ﾠ
possibility	 ﾠthat	 ﾠa	 ﾠdownstream	 ﾠin-ﾭ‐frame	 ﾠATG	 ﾠcodon	 ﾠcould	 ﾠresult	 ﾠin	 ﾠa	 ﾠtruncated,	 ﾠbut	 ﾠ
still	 ﾠfunctional,	 ﾠprotein	 ﾠeven	 ﾠif	 ﾠthe	 ﾠknown	 ﾠtranslational	 ﾠstart	 ﾠsite	 ﾠis	 ﾠmutated.	 ﾠ	 ﾠFor	 ﾠ
plzfa,	 ﾠseveral	 ﾠATGs	 ﾠwere	 ﾠpresent	 ﾠwithin	 ﾠthe	 ﾠfirst	 ﾠ50	 ﾠbp	 ﾠof	 ﾠthe	 ﾠcoding	 ﾠsequence	 ﾠand	 ﾠ
therefore	 ﾠthe	 ﾠTALENs	 ﾠfor	 ﾠthis	 ﾠgene	 ﾠwere	 ﾠtargeted	 ﾠjust	 ﾠdownstream	 ﾠof	 ﾠthese.	 ﾠChapter	 ﾠ5:	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 ﾠ
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Injected	 ﾠembryos	 ﾠare	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠgenetically	 ﾠmosaic	 ﾠfor	 ﾠthe	 ﾠtarget	 ﾠgene,	 ﾠ
containing	 ﾠa	 ﾠmixture	 ﾠof	 ﾠdifferent	 ﾠmutant	 ﾠalleles	 ﾠas	 ﾠwell	 ﾠas	 ﾠwild	 ﾠtype	 ﾠcopies.	 ﾠ	 ﾠ
Numerous	 ﾠstudies	 ﾠhave	 ﾠprovided	 ﾠevidence	 ﾠthat	 ﾠTALENs	 ﾠare	 ﾠable	 ﾠto	 ﾠgenerate	 ﾠsomatic	 ﾠ
mutations	 ﾠin	 ﾠzebrafish	 ﾠat	 ﾠefficiencies	 ﾠup	 ﾠto	 ﾠ100%,	 ﾠand	 ﾠthat	 ﾠthese	 ﾠmutations	 ﾠare	 ﾠ
transmitted	 ﾠthrough	 ﾠthe	 ﾠgermline	 ﾠ(Huang	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠSander	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠDahlem	 ﾠet	 ﾠ
al.,	 ﾠ2012,	 ﾠBedell	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ
Methods	 ﾠof	 ﾠscreening	 ﾠfor	 ﾠmutations	 ﾠ
TALENs	 ﾠare	 ﾠknown	 ﾠto	 ﾠinduce	 ﾠa	 ﾠrange	 ﾠof	 ﾠmutations	 ﾠat	 ﾠthe	 ﾠtarget	 ﾠsite	 ﾠand	 ﾠ
therefore	 ﾠI	 ﾠsought	 ﾠa	 ﾠmethod	 ﾠto	 ﾠbe	 ﾠable	 ﾠto	 ﾠreliably	 ﾠscreen	 ﾠfor	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthese	 ﾠ
indels.	 ﾠ	 ﾠFor	 ﾠTALENs	 ﾠtargeting	 ﾠthe	 ﾠgolden	 ﾠand	 ﾠplzfa	 ﾠlocus	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠscreen	 ﾠfor	 ﾠ
mutations	 ﾠby	 ﾠobserving	 ﾠa	 ﾠphenotype.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠgolden,	 ﾠmutations	 ﾠlead	 ﾠto	 ﾠa	 ﾠloss	 ﾠ
of	 ﾠpigmentation	 ﾠas	 ﾠpreviously	 ﾠdescribed	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012)	 ﾠand	 ﾠfor	 ﾠplzfa,	 ﾠa	 ﾠloss	 ﾠof	 ﾠ
protein	 ﾠrevealed	 ﾠby	 ﾠantibody	 ﾠstaining.	 ﾠ	 ﾠFor	 ﾠgenes	 ﾠwhere	 ﾠa	 ﾠclear	 ﾠphenotype	 ﾠcould	 ﾠnot	 ﾠ
be	 ﾠobserved	 ﾠwe	 ﾠturned	 ﾠto	 ﾠmethods	 ﾠthat	 ﾠdetect	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠgenomic	 ﾠDNA	 ﾠ
(gDNA)	 ﾠof	 ﾠthe	 ﾠzebrafish.	 ﾠ
Restriction	 ﾠfragment	 ﾠlength	 ﾠpolymorphism	 ﾠ(RFLP)	 ﾠis	 ﾠa	 ﾠmethod	 ﾠthat	 ﾠrelies	 ﾠon	 ﾠa	 ﾠ
restriction	 ﾠenzyme	 ﾠrecognition	 ﾠsite	 ﾠwithin	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠthat	 ﾠis	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠlost	 ﾠ
upon	 ﾠformation	 ﾠof	 ﾠindels.	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠhas	 ﾠbeen	 ﾠsuccessfully	 ﾠused	 ﾠto	 ﾠdetect	 ﾠ
mutations	 ﾠcaused	 ﾠby	 ﾠTALENs	 ﾠ(Huang	 ﾠet	 ﾠal.,	 ﾠ2011),	 ﾠbut	 ﾠrestricts	 ﾠthe	 ﾠdesign	 ﾠof	 ﾠTALEN	 ﾠ
target	 ﾠsites	 ﾠto	 ﾠthose	 ﾠcontaining	 ﾠa	 ﾠunique	 ﾠrestriction	 ﾠenzyme	 ﾠsite.	 ﾠ
An	 ﾠalternative	 ﾠscreening	 ﾠmethod	 ﾠthat	 ﾠdoesn’t	 ﾠenforce	 ﾠrestrictions	 ﾠupon	 ﾠ
TALEN	 ﾠdesign	 ﾠis	 ﾠHigh	 ﾠResolution	 ﾠMelt	 ﾠ(HRM)	 ﾠcurve	 ﾠanalysis,	 ﾠdescribed	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐2.	 ﾠ	 ﾠ
Genotyping	 ﾠby	 ﾠHRM	 ﾠrelies	 ﾠon	 ﾠamplifying	 ﾠthe	 ﾠtarget	 ﾠsite	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠa	 ﾠdouble-ﾭ‐
stranded	 ﾠDNA	 ﾠintercalating	 ﾠfluorescent	 ﾠdye,	 ﾠfollowed	 ﾠby	 ﾠa	 ﾠslow	 ﾠdenaturation	 ﾠof	 ﾠthe	 ﾠ
DNA	 ﾠamplicon	 ﾠresulting	 ﾠin	 ﾠa	 ﾠdecrease	 ﾠof	 ﾠoverall	 ﾠfluorescence.	 ﾠ	 ﾠPlotting	 ﾠthis	 ﾠdecrease	 ﾠ
against	 ﾠincreasing	 ﾠtemperature	 ﾠproduces	 ﾠa	 ﾠcurve	 ﾠsimilar	 ﾠto	 ﾠthat	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐2b	 ﾠ
that	 ﾠcontains	 ﾠinformation	 ﾠabout	 ﾠnucleotide	 ﾠcomposition	 ﾠof	 ﾠthe	 ﾠamplified	 ﾠDNA	 ﾠ(Liew	 ﾠ
et	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠ	 ﾠ
Comparisons	 ﾠof	 ﾠa	 ﾠwild-ﾭ‐type	 ﾠcurve	 ﾠand	 ﾠa	 ﾠhomozygous	 ﾠcurve	 ﾠwill	 ﾠresult	 ﾠin	 ﾠthe	 ﾠ
same	 ﾠcurve	 ﾠshape,	 ﾠshifted	 ﾠeither	 ﾠto	 ﾠthe	 ﾠleft	 ﾠor	 ﾠright	 ﾠdepending	 ﾠupon	 ﾠwhether	 ﾠthe	 ﾠ
mutation	 ﾠlowers	 ﾠor	 ﾠraises	 ﾠthe	 ﾠmelting	 ﾠtemperature	 ﾠof	 ﾠthe	 ﾠamplicon	 ﾠ(compare	 ﾠblack	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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and	 ﾠred	 ﾠcurves	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐2b).	 ﾠ	 ﾠHeterozygotes	 ﾠproduce	 ﾠmore	 ﾠcomplex	 ﾠcurves	 ﾠ(blue	 ﾠ
curve	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐2b),	 ﾠwhich	 ﾠdiffer	 ﾠin	 ﾠshape	 ﾠto	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠand	 ﾠhomozygous	 ﾠcurves	 ﾠ
as	 ﾠthey	 ﾠare	 ﾠformed	 ﾠof	 ﾠmultiple	 ﾠproducts	 ﾠcontaining	 ﾠdifferent	 ﾠmelt	 ﾠproperties	 ﾠ(Gundry	 ﾠ
et	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠIn	 ﾠgenetically	 ﾠmosaic	 ﾠembryos,	 ﾠsuch	 ﾠas	 ﾠthose	 ﾠinjected	 ﾠwith	 ﾠa	 ﾠTALEN	 ﾠ
pair,	 ﾠthe	 ﾠmelt	 ﾠcurves	 ﾠbecome	 ﾠincreasingly	 ﾠcomplex,	 ﾠbut	 ﾠcan	 ﾠeasily	 ﾠbe	 ﾠdistinguished	 ﾠ
from	 ﾠwild	 ﾠtype	 ﾠcurves	 ﾠproviding	 ﾠthe	 ﾠmutation	 ﾠis	 ﾠpresent	 ﾠin	 ﾠmore	 ﾠthan	 ﾠ2%	 ﾠof	 ﾠthe	 ﾠ
population	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠI	 ﾠelected	 ﾠto	 ﾠuse	 ﾠthe	 ﾠHRM	 ﾠanalysis	 ﾠmethod	 ﾠfor	 ﾠthe	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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Figure	 ﾠ5-ﾭ‐2:	 ﾠScreening	 ﾠfor	 ﾠmutations	 ﾠusing	 ﾠHigh	 ﾠResolution	 ﾠMelt	 ﾠ(HRM)	 ﾠcurve	 ﾠ
analysis	 ﾠ
a:	 ﾠRoughly	 ﾠ100	 ﾠbp	 ﾠof	 ﾠgDNA	 ﾠaround	 ﾠthe	 ﾠTALEN	 ﾠcut	 ﾠsite	 ﾠis	 ﾠamplified	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ
a	 ﾠdouble-ﾭ‐stranded	 ﾠDNA	 ﾠintercalating	 ﾠdye	 ﾠwhich	 ﾠis	 ﾠfluorescent	 ﾠwhen	 ﾠbound.	 ﾠ	 ﾠSlowly	 ﾠ
heating	 ﾠthe	 ﾠamplicon	 ﾠresults	 ﾠin	 ﾠa	 ﾠloss	 ﾠof	 ﾠfluorescent	 ﾠas	 ﾠthe	 ﾠDNA	 ﾠdenatures	 ﾠand	 ﾠthe	 ﾠ
dye	 ﾠdisassociates.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
b:	 ﾠPlotting	 ﾠnormalised	 ﾠfluorescence	 ﾠas	 ﾠa	 ﾠpercentage	 ﾠagainst	 ﾠincreasing	 ﾠtemperature	 ﾠ
results	 ﾠin	 ﾠmelt	 ﾠcurves	 ﾠthat	 ﾠdepend	 ﾠupon	 ﾠthe	 ﾠnucleotide	 ﾠcomposition	 ﾠof	 ﾠthe	 ﾠamplified	 ﾠ
gDNA.	 ﾠ	 ﾠComparing	 ﾠcurves	 ﾠto	 ﾠthe	 ﾠexample	 ﾠcurve	 ﾠrepresentative	 ﾠof	 ﾠwild	 ﾠtype	 ﾠDNA	 ﾠ
(black	 ﾠline):	 ﾠthe	 ﾠhomozygous	 ﾠcurve	 ﾠ(red	 ﾠline)	 ﾠis	 ﾠthe	 ﾠsame	 ﾠshape	 ﾠbut	 ﾠis	 ﾠshifted	 ﾠas	 ﾠit	 ﾠhas	 ﾠ
a	 ﾠlower	 ﾠmelting	 ﾠtemperature;	 ﾠthe	 ﾠheterozygous	 ﾠcurve	 ﾠ(blue	 ﾠline)	 ﾠhas	 ﾠa	 ﾠdifferent	 ﾠ
shape.	 ﾠ	 ﾠ	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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majority	 ﾠof	 ﾠmy	 ﾠscreening,	 ﾠusing	 ﾠother	 ﾠmethods	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠgenotype	 ﾠwhen	 ﾠ
required.	 ﾠ	 ﾠ
Testing	 ﾠTALEN	 ﾠefficiency	 ﾠby	 ﾠtargeting	 ﾠthe	 ﾠgolden	 ﾠgene	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠtest	 ﾠthat	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠinduce	 ﾠmutations	 ﾠin	 ﾠtarget	 ﾠgenes	 ﾠusing	 ﾠ
TALEN	 ﾠtechnology	 ﾠand	 ﾠto	 ﾠassess	 ﾠthe	 ﾠuse	 ﾠof	 ﾠHRM	 ﾠanalysis	 ﾠin	 ﾠscreening	 ﾠfor	 ﾠmutation	 ﾠI	 ﾠ
used	 ﾠa	 ﾠpreviously	 ﾠpublished	 ﾠTALEN	 ﾠpair	 ﾠtargeted	 ﾠagainst	 ﾠthe	 ﾠgolden	 ﾠgene	 ﾠ(Dahlem	 ﾠet	 ﾠ
al.,	 ﾠ2012).	 ﾠ	 ﾠThe	 ﾠgolden	 ﾠgene,	 ﾠalso	 ﾠknown	 ﾠas	 ﾠslc24a5,	 ﾠgoverns	 ﾠpigmentation	 ﾠof	 ﾠskin	 ﾠ
melanophores	 ﾠin	 ﾠzebrafish	 ﾠand	 ﾠhomozygous	 ﾠmutants	 ﾠshow	 ﾠa	 ﾠstriking	 ﾠlack	 ﾠof	 ﾠ
pigmentation	 ﾠduring	 ﾠearly	 ﾠdevelopment	 ﾠ(Lamason	 ﾠet	 ﾠal.,	 ﾠ2005).	 ﾠ	 ﾠThis	 ﾠphenotype	 ﾠcan	 ﾠ
most	 ﾠclearly	 ﾠbe	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠRetinal	 ﾠPigmented	 ﾠEpithelium	 ﾠ(RPE)	 ﾠsurrounding	 ﾠthe	 ﾠ
eye	 ﾠthat	 ﾠis	 ﾠnormally	 ﾠdarkly	 ﾠpigmented	 ﾠin	 ﾠboth	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠand	 ﾠheterozygote	 ﾠat	 ﾠ48	 ﾠ
hpf	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ
Figure	 ﾠ5-ﾭ‐3a	 ﾠshows	 ﾠthe	 ﾠexperimental	 ﾠplan	 ﾠfor	 ﾠthe	 ﾠgolden	 ﾠTALEN	 ﾠinjections.	 ﾠ	 ﾠ
Previous	 ﾠexperiments	 ﾠreported	 ﾠthat	 ﾠinjected	 ﾠembryos	 ﾠdisplay	 ﾠa	 ﾠhigh	 ﾠdegree	 ﾠof	 ﾠ
genetic	 ﾠmosaicism	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012),	 ﾠwith	 ﾠsome	 ﾠembryos	 ﾠdisplaying	 ﾠhigh	 ﾠ
numbers	 ﾠof	 ﾠmutant	 ﾠcells	 ﾠand	 ﾠothers	 ﾠdisplaying	 ﾠfewer.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠelected	 ﾠto	 ﾠinject	 ﾠ
RNA	 ﾠencoding	 ﾠa	 ﾠfluorescent	 ﾠprotein	 ﾠ(H2B-ﾭ‐RFP)	 ﾠalongside	 ﾠthe	 ﾠgolden	 ﾠTALEN	 ﾠRNA,	 ﾠ
hypothesising	 ﾠthat	 ﾠthose	 ﾠembryos	 ﾠcontaining	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠRFP	 ﾠwould	 ﾠcontain	 ﾠthe	 ﾠ
highest	 ﾠdegree	 ﾠof	 ﾠmutations.	 ﾠ	 ﾠEmbryos	 ﾠwere	 ﾠseparated	 ﾠat	 ﾠ24	 ﾠhpf	 ﾠinto	 ﾠ‘low	 ﾠRFP’	 ﾠand	 ﾠ
‘RFP	 ﾠSelected’	 ﾠpools	 ﾠand	 ﾠallowed	 ﾠto	 ﾠdevelop	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠ24	 ﾠhours,	 ﾠat	 ﾠwhich	 ﾠpoint	 ﾠ
they	 ﾠwere	 ﾠscored	 ﾠfor	 ﾠthe	 ﾠamount	 ﾠof	 ﾠpigmentation	 ﾠobserved	 ﾠaround	 ﾠthe	 ﾠRPE	 ﾠ(Figure	 ﾠ
5-ﾭ‐3b	 ﾠ&	 ﾠc).	 ﾠ	 ﾠEmbryos	 ﾠwith	 ﾠno	 ﾠRFP	 ﾠwere	 ﾠassumed	 ﾠto	 ﾠhave	 ﾠnot	 ﾠbeen	 ﾠinjected	 ﾠand	 ﾠwere	 ﾠ
removed	 ﾠfrom	 ﾠthe	 ﾠanalysis.	 ﾠ	 ﾠAfter	 ﾠa	 ﾠfurther	 ﾠday	 ﾠof	 ﾠdevelopment,	 ﾠindividual	 ﾠembryos	 ﾠ
were	 ﾠlysed	 ﾠand	 ﾠHRM	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠpreviously	 ﾠdescribed	 ﾠprimers	 ﾠ(Dahlem	 ﾠet	 ﾠ
al.,	 ﾠ2012)	 ﾠ(Figure	 ﾠ5-ﾭ‐3d).	 ﾠ
All	 ﾠof	 ﾠthe	 ﾠuninjected	 ﾠembryos	 ﾠshowed	 ﾠnormal	 ﾠlevels	 ﾠof	 ﾠpigment	 ﾠaround	 ﾠthe	 ﾠ
RPE	 ﾠwhilst	 ﾠthose	 ﾠinjected	 ﾠwith	 ﾠgolden	 ﾠTALENs	 ﾠshowed	 ﾠa	 ﾠrange	 ﾠof	 ﾠpigmentation	 ﾠ
phenotypes,	 ﾠsome	 ﾠof	 ﾠwhich	 ﾠare	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐3b.	 ﾠ	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠcells	 ﾠwith	 ﾠno	 ﾠ
pigmentation	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠTALENs	 ﾠhave	 ﾠinduced	 ﾠmutations	 ﾠin	 ﾠboth	 ﾠcopies	 ﾠof	 ﾠthe	 ﾠ
golden	 ﾠgene	 ﾠin	 ﾠthose	 ﾠcells.	 ﾠ	 ﾠThe	 ﾠembryos	 ﾠwere	 ﾠscored,	 ﾠranging	 ﾠfrom	 ﾠwild	 ﾠtype	 ﾠlevels	 ﾠ
of	 ﾠpigment	 ﾠto	 ﾠno	 ﾠpigment	 ﾠand	 ﾠdisplayed	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐3c.	 ﾠ	 ﾠI	 ﾠobserved	 ﾠthat	 ﾠembryos	 ﾠChapter	 ﾠ5:	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from	 ﾠthe	 ﾠRFP	 ﾠSelected	 ﾠpool	 ﾠhad	 ﾠlower	 ﾠlevels	 ﾠof	 ﾠpigmentation	 ﾠthan	 ﾠthose	 ﾠfrom	 ﾠthe	 ﾠ
low	 ﾠRFP	 ﾠpool.	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠselecting	 ﾠfor	 ﾠRFP	 ﾠcorrelates	 ﾠwith	 ﾠTALEN	 ﾠactivity	 ﾠin	 ﾠ
the	 ﾠinjected	 ﾠembryos.	 ﾠ	 ﾠ
All	 ﾠthe	 ﾠinjected	 ﾠembryos	 ﾠscreened	 ﾠby	 ﾠHRM	 ﾠanalysis	 ﾠshowed	 ﾠcurves	 ﾠthat	 ﾠ
significantly	 ﾠdeviate	 ﾠfrom	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠcurve	 ﾠ(Figure	 ﾠ5-ﾭ‐3d).	 ﾠ	 ﾠHRM	 ﾠcurves	 ﾠthat	 ﾠwere	 ﾠ
produced	 ﾠfrom	 ﾠthe	 ﾠRFP	 ﾠSelected	 ﾠembryos	 ﾠdeflected	 ﾠfurther	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠ
curve	 ﾠthan	 ﾠthe	 ﾠlow	 ﾠRFP	 ﾠcurves.	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠfurther	 ﾠthe	 ﾠHRM	 ﾠcurve	 ﾠ
deviates	 ﾠfrom	 ﾠthe	 ﾠwild	 ﾠtype,	 ﾠthe	 ﾠhigher	 ﾠdegree	 ﾠof	 ﾠmutations	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠtarget	 ﾠ
locus. 
Germline	 ﾠtransmission	 ﾠof	 ﾠmutations	 ﾠ
Some	 ﾠof	 ﾠthe	 ﾠRFP	 ﾠSelected	 ﾠinjected	 ﾠembryos	 ﾠwere	 ﾠraised	 ﾠto	 ﾠadulthood	 ﾠin	 ﾠorder	 ﾠ
to	 ﾠtest	 ﾠgermline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠmutations.	 ﾠ	 ﾠFounder	 ﾠadults	 ﾠwere	 ﾠinitially	 ﾠ
outcrossed	 ﾠto	 ﾠwild	 ﾠtype	 ﾠfish	 ﾠand	 ﾠtheir	 ﾠprogeny	 ﾠwere	 ﾠscreened	 ﾠfor	 ﾠa	 ﾠpigmentation	 ﾠ
phenotype	 ﾠat	 ﾠ48	 ﾠhpf	 ﾠand	 ﾠby	 ﾠHRM	 ﾠat	 ﾠ72	 ﾠhpf.	 ﾠ	 ﾠAll	 ﾠembryos	 ﾠwere	 ﾠobserved	 ﾠto	 ﾠhave	 ﾠwild	 ﾠ
type	 ﾠlevels	 ﾠof	 ﾠpigmentation	 ﾠ(Figure	 ﾠ5-ﾭ‐4a),	 ﾠindicating	 ﾠthat	 ﾠthey	 ﾠare	 ﾠeither	 ﾠwild	 ﾠtype	 ﾠor	 ﾠ
heterozygous	 ﾠfor	 ﾠgolden.	 ﾠ	 ﾠIndividual	 ﾠembryos	 ﾠfrom	 ﾠeach	 ﾠfounder	 ﾠwere	 ﾠanalysed	 ﾠfor	 ﾠ
mutations	 ﾠin	 ﾠthe	 ﾠgolden	 ﾠlocus	 ﾠby	 ﾠHRM	 ﾠand	 ﾠit	 ﾠwas	 ﾠobserved	 ﾠthat	 ﾠall	 ﾠfounders	 ﾠ
screened	 ﾠtransmitted	 ﾠmutations	 ﾠto	 ﾠtheir	 ﾠprogeny	 ﾠ(8/8	 ﾠfounders).	 ﾠ	 ﾠFigure	 ﾠ5-ﾭ‐4b	 ﾠshows	 ﾠ
curves	 ﾠobtained	 ﾠfrom	 ﾠembryos	 ﾠfrom	 ﾠone	 ﾠof	 ﾠthese	 ﾠfounder	 ﾠfish.	 ﾠ
All	 ﾠHRM	 ﾠcurves	 ﾠobserved	 ﾠwere	 ﾠeither	 ﾠindistinguishable	 ﾠfrom	 ﾠwild	 ﾠtype	 ﾠcurves	 ﾠ
or	 ﾠwere	 ﾠreminiscent	 ﾠof	 ﾠthe	 ﾠshape	 ﾠassociated	 ﾠwith	 ﾠheterozygous	 ﾠmutations	 ﾠshown	 ﾠ
previously	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐2b.	 ﾠ	 ﾠThe	 ﾠdegree	 ﾠof	 ﾠtransmission	 ﾠof	 ﾠmutations	 ﾠfrom	 ﾠindividual	 ﾠ
founders	 ﾠranged	 ﾠfrom	 ﾠ38%	 ﾠ(3/8	 ﾠembryos)	 ﾠto	 ﾠ100%	 ﾠ(8/8).	 ﾠ	 ﾠIn	 ﾠclutches	 ﾠof	 ﾠembryos	 ﾠ
from	 ﾠfounders	 ﾠI	 ﾠobserved	 ﾠseveral	 ﾠdifferent	 ﾠshaped	 ﾠcurves	 ﾠ(Figure	 ﾠ5-ﾭ‐4b),	 ﾠindicating	 ﾠ
that	 ﾠa	 ﾠsingle	 ﾠfounder	 ﾠcan	 ﾠtransmit	 ﾠmultiple	 ﾠdifferent	 ﾠmutant	 ﾠalleles	 ﾠin	 ﾠagreement	 ﾠ
with	 ﾠprevious	 ﾠreports	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠTwo	 ﾠindividual	 ﾠfounders	 ﾠwere	 ﾠincrossed	 ﾠ
and	 ﾠsome	 ﾠof	 ﾠthe	 ﾠresulting	 ﾠprogeny	 ﾠwas	 ﾠobserved	 ﾠto	 ﾠcontain	 ﾠno	 ﾠpigmentation	 ﾠ(Figure	 ﾠ
5-ﾭ‐4c)	 ﾠsuggesting	 ﾠthat	 ﾠthese	 ﾠembryos	 ﾠare	 ﾠhomozygous	 ﾠmutant	 ﾠfor	 ﾠgolden.	 ﾠChapter	 ﾠ5:	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Figure	 ﾠ5-ﾭ‐3:	 ﾠTALENs	 ﾠtargeted	 ﾠagainst	 ﾠthe	 ﾠgolden	 ﾠgene	 ﾠgenerate	 ﾠembryos	 ﾠwith	 ﾠ
a	 ﾠhigh	 ﾠnumber	 ﾠof	 ﾠbiallelic	 ﾠmutations	 ﾠ	 ﾠ	 ﾠ
a:	 ﾠCartoon	 ﾠshowing	 ﾠthe	 ﾠexperimental	 ﾠplan	 ﾠfor	 ﾠassessing	 ﾠgolden	 ﾠTALEN	 ﾠactivity	 ﾠin	 ﾠ
zebrafish	 ﾠembryos.	 ﾠ	 ﾠEmbryos	 ﾠwere	 ﾠinjected	 ﾠwith	 ﾠRNA	 ﾠencoding	 ﾠthe	 ﾠTALEN	 ﾠpair	 ﾠ(100	 ﾠ
pg	 ﾠof	 ﾠeach	 ﾠarray)	 ﾠalong	 ﾠwith	 ﾠRNA	 ﾠfor	 ﾠH2B-ﾭ‐RFP	 ﾠ(30	 ﾠpg).	 ﾠ	 ﾠAt	 ﾠ24	 ﾠhpf,	 ﾠembryos	 ﾠcontaining	 ﾠ
high	 ﾠlevels	 ﾠof	 ﾠRFP	 ﾠwere	 ﾠseparated	 ﾠfrom	 ﾠthose	 ﾠcontaining	 ﾠlow	 ﾠlevels.	 ﾠ	 ﾠAt	 ﾠ48	 ﾠhpf,	 ﾠ
embryos	 ﾠwere	 ﾠscreened	 ﾠfor	 ﾠthe	 ﾠamount	 ﾠof	 ﾠpigmentation	 ﾠobserved	 ﾠaround	 ﾠthe	 ﾠRPE.	 ﾠ	 ﾠ
At	 ﾠ72	 ﾠhpf,	 ﾠgDNA	 ﾠfrom	 ﾠthe	 ﾠembryos	 ﾠwas	 ﾠextracted	 ﾠand	 ﾠanalysed	 ﾠby	 ﾠHRM.	 ﾠ
b:	 ﾠImages	 ﾠshowing	 ﾠrepresentative	 ﾠembryos	 ﾠat	 ﾠ48	 ﾠhpf.	 ﾠ	 ﾠWild	 ﾠtype,	 ﾠuninjected	 ﾠembryos	 ﾠ
contained	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠpigmentation	 ﾠaround	 ﾠthe	 ﾠRPE	 ﾠwhilst	 ﾠthose	 ﾠinjected	 ﾠwith	 ﾠ
golden	 ﾠTALENs	 ﾠshow	 ﾠpatches	 ﾠof	 ﾠcells	 ﾠwithout	 ﾠpigment.	 ﾠ
c:	 ﾠ48	 ﾠhpf	 ﾠembryos	 ﾠfrom	 ﾠthe	 ﾠRFP	 ﾠSelected	 ﾠpool	 ﾠ(n=33),	 ﾠthe	 ﾠlow	 ﾠRFP	 ﾠpool	 ﾠ(n=23)	 ﾠand	 ﾠ
uninjected	 ﾠembryos	 ﾠ(n=43)	 ﾠwere	 ﾠscored	 ﾠbased	 ﾠupon	 ﾠthe	 ﾠamount	 ﾠof	 ﾠpigmentation	 ﾠ
observed	 ﾠaround	 ﾠthe	 ﾠRPE.	 ﾠ
d:	 ﾠHRM	 ﾠcurves	 ﾠgenerated	 ﾠfrom	 ﾠindividual	 ﾠ72	 ﾠhpf	 ﾠembryos.	 ﾠ	 ﾠThe	 ﾠRFP	 ﾠSelected	 ﾠ(red)	 ﾠ
and	 ﾠlow	 ﾠRFP	 ﾠ(blue)	 ﾠcurves	 ﾠdeviate	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠ(black)	 ﾠcurves.	 ﾠ	 ﾠEach	 ﾠcurve	 ﾠ
represents	 ﾠan	 ﾠindividual	 ﾠreplicate.	 ﾠChapter	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Figure	 ﾠ5-ﾭ‐3	 ﾠ
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Figure	 ﾠ5-ﾭ‐4:	 ﾠTransmission	 ﾠof	 ﾠthe	 ﾠgolden	 ﾠmutation	 ﾠthrough	 ﾠthe	 ﾠgermline	 ﾠ	 ﾠ	 ﾠ
a:	 ﾠAdult	 ﾠgolden	 ﾠTALEN	 ﾠfounders	 ﾠwere	 ﾠoutcrossed	 ﾠto	 ﾠwild	 ﾠtype	 ﾠfish	 ﾠand	 ﾠtheir	 ﾠprogeny	 ﾠ
were	 ﾠexamined	 ﾠto	 ﾠassess	 ﾠany	 ﾠpigmentation	 ﾠphenotype	 ﾠat	 ﾠ48	 ﾠhpf.	 ﾠ	 ﾠAll	 ﾠembryos	 ﾠ
appear	 ﾠindistinguishable	 ﾠfrom	 ﾠwild	 ﾠtype.	 ﾠ
b:	 ﾠIndividual	 ﾠembryos	 ﾠfrom	 ﾠclutches	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠoutcrosses	 ﾠwere	 ﾠanalysed	 ﾠby	 ﾠ
HRM	 ﾠat	 ﾠ72	 ﾠhpf.	 ﾠ	 ﾠShown	 ﾠhere	 ﾠare	 ﾠHRM	 ﾠcurves	 ﾠfor	 ﾠseveral	 ﾠembryos	 ﾠfrom	 ﾠone	 ﾠclutch,	 ﾠ
demonstrating	 ﾠthree	 ﾠdifferent	 ﾠheterozygous	 ﾠcurves	 ﾠ(red)	 ﾠas	 ﾠwell	 ﾠas	 ﾠcurves	 ﾠ(blue)	 ﾠthat	 ﾠ
are	 ﾠindistinguishable	 ﾠfrom	 ﾠembryos	 ﾠobtained	 ﾠfrom	 ﾠwild	 ﾠtype	 ﾠadults	 ﾠ(black).	 ﾠ
c:	 ﾠAdult	 ﾠgolden	 ﾠTALEN	 ﾠfounders	 ﾠwere	 ﾠincrossed	 ﾠand	 ﾠtheir	 ﾠprogeny	 ﾠexamined.	 ﾠ	 ﾠ
Amongst	 ﾠthe	 ﾠclutches,	 ﾠsome	 ﾠembryos	 ﾠappeared	 ﾠentirely	 ﾠpigmentless	 ﾠindicating	 ﾠthat	 ﾠ
these	 ﾠembryos	 ﾠare	 ﾠhomozygous	 ﾠmutant	 ﾠfor	 ﾠgolden	 ﾠ(golden	 ﾠ-ﾭ‐/-ﾭ‐).	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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Overall	 ﾠthese	 ﾠexperiments	 ﾠdemonstrate	 ﾠthat	 ﾠTALENs	 ﾠare	 ﾠsuitable	 ﾠfor	 ﾠefficiently	 ﾠ
generating	 ﾠloss	 ﾠof	 ﾠfunction	 ﾠmutations	 ﾠin	 ﾠtarget	 ﾠgenes	 ﾠand	 ﾠthat	 ﾠHRM	 ﾠanalysis	 ﾠcan	 ﾠbe	 ﾠ
used	 ﾠto	 ﾠscreen	 ﾠfor	 ﾠmutations	 ﾠboth	 ﾠin	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠto	 ﾠassess	 ﾠgermline	 ﾠ
transmission.	 ﾠ
5.3  Generating	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠmutants	 ﾠ
Using	 ﾠTALENs	 ﾠin	 ﾠtarget	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ
I	 ﾠdesigned	 ﾠand	 ﾠconstructed	 ﾠa	 ﾠTALEN	 ﾠpair	 ﾠthat	 ﾠwould	 ﾠtarget	 ﾠa	 ﾠregion	 ﾠof	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome	 ﾠaround	 ﾠ50	 ﾠbp	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠstart	 ﾠof	 ﾠthe	 ﾠPlzfa	 ﾠprotein	 ﾠcoding	 ﾠ
region	 ﾠ(Figure	 ﾠ5-ﾭ‐5a).	 ﾠ	 ﾠWild	 ﾠtype	 ﾠembryos	 ﾠwere	 ﾠinjected	 ﾠfollowing	 ﾠa	 ﾠsimilar	 ﾠprocedure	 ﾠ
as	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐3a,	 ﾠand	 ﾠembryos	 ﾠwith	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠRFP	 ﾠwere	 ﾠanalysed	 ﾠfor	 ﾠ
evidence	 ﾠthat	 ﾠmutations	 ﾠhad	 ﾠoccurred.	 ﾠ	 ﾠUsing	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠzfPlzf	 ﾠAb	 ﾠ
(Chapter	 ﾠ4.2)	 ﾠit	 ﾠis	 ﾠpossible	 ﾠto	 ﾠmonitor	 ﾠthe	 ﾠeffect	 ﾠinjecting	 ﾠplzfa	 ﾠTALENs	 ﾠhas	 ﾠon	 ﾠthe	 ﾠ
endogenous	 ﾠPlzfa	 ﾠprotein	 ﾠexpression.	 ﾠ	 ﾠExtensive	 ﾠloss	 ﾠof	 ﾠprotein	 ﾠin	 ﾠup	 ﾠto	 ﾠ100%	 ﾠof	 ﾠcells	 ﾠ
in	 ﾠinjected	 ﾠembryos	 ﾠwas	 ﾠobserved	 ﾠ(Figure	 ﾠ5-ﾭ‐5b-ﾭ‐g)	 ﾠsuggesting	 ﾠthat	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠ
are	 ﾠhighly	 ﾠefficient	 ﾠat	 ﾠinducing	 ﾠbialleic	 ﾠmutations.	 ﾠ	 ﾠ	 ﾠ
The	 ﾠpresence	 ﾠof	 ﾠsomatic	 ﾠmutations	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠ
carrying	 ﾠout	 ﾠHRM	 ﾠanalysis	 ﾠon	 ﾠinjected	 ﾠembryos,	 ﾠusing	 ﾠprimers	 ﾠdesigned	 ﾠaround	 ﾠthe	 ﾠ
target	 ﾠsite	 ﾠ(plzfa	 ﾠTarget	 ﾠSite	 ﾠHRM).	 ﾠ	 ﾠMelt	 ﾠprofiles	 ﾠobtained	 ﾠfrom	 ﾠinjected	 ﾠembryos	 ﾠ
deviate	 ﾠsignificantly	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠprofiles	 ﾠ(Figure	 ﾠ5-ﾭ‐5h).	 ﾠ	 ﾠFinally,	 ﾠseparating	 ﾠ
individual	 ﾠalleles	 ﾠfrom	 ﾠa	 ﾠsingle	 ﾠinjected	 ﾠembryo	 ﾠand	 ﾠsequencing	 ﾠrevealed	 ﾠa	 ﾠrange	 ﾠof	 ﾠ
different	 ﾠdeletions	 ﾠand	 ﾠinsertions	 ﾠcaused	 ﾠby	 ﾠNHEJ-ﾭ‐mediated	 ﾠrepair	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ
(Figure	 ﾠ5-ﾭ‐5i).	 ﾠ
plzfa	 ﾠTALEN	 ﾠspecificity	 ﾠ
As	 ﾠpreviously	 ﾠdescribed,	 ﾠplzfa	 ﾠand	 ﾠits	 ﾠparalogues	 ﾠplzfb	 ﾠcontain	 ﾠa	 ﾠhigh	 ﾠdegree	 ﾠ
of	 ﾠsequence	 ﾠidentity	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐1).	 ﾠ	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠreported	 ﾠthat	 ﾠTALENs	 ﾠare	 ﾠ
able	 ﾠto	 ﾠcut	 ﾠDNA	 ﾠat	 ﾠnear	 ﾠhomologous	 ﾠtarget	 ﾠsequences	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠ
Mussolino	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠand	 ﾠtherefore	 ﾠit	 ﾠwas	 ﾠimportant	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠ
plzfa	 ﾠTALENs	 ﾠare	 ﾠable	 ﾠto	 ﾠalso	 ﾠgenerate	 ﾠmutations	 ﾠat	 ﾠthe	 ﾠplzfb	 ﾠlocus.	 ﾠ	 ﾠComparisons	 ﾠof	 ﾠ
the	 ﾠtwo	 ﾠsequences	 ﾠreveal	 ﾠthat	 ﾠthe	 ﾠleft	 ﾠTALEN	 ﾠarray	 ﾠtarget	 ﾠsite	 ﾠdiffers	 ﾠby	 ﾠtwo	 ﾠ
nucleotides,	 ﾠand	 ﾠthe	 ﾠright	 ﾠTALEN	 ﾠarray	 ﾠtarget	 ﾠsite	 ﾠby	 ﾠfour	 ﾠnucleotides	 ﾠ(Figure	 ﾠ5-ﾭ‐6a).	 ﾠ	 ﾠ
Analysis	 ﾠby	 ﾠHRM	 ﾠat	 ﾠthe	 ﾠplzfb	 ﾠlocus	 ﾠ(plzfb	 ﾠOff-ﾭ‐Target	 ﾠSite	 ﾠHRM)	 ﾠhomologous	 ﾠto	 ﾠthe	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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plzfa	 ﾠTarget	 ﾠSite	 ﾠresulted	 ﾠin	 ﾠcurves	 ﾠindistinguishable	 ﾠfrom	 ﾠuninjected	 ﾠcontrol	 ﾠcurves	 ﾠ
(Figure	 ﾠ5-ﾭ‐6a)	 ﾠsuggesting	 ﾠthat	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠare	 ﾠunable	 ﾠto	 ﾠinduce	 ﾠmutations	 ﾠat	 ﾠthe	 ﾠ
plzfb	 ﾠlocus.	 ﾠ	 ﾠ	 ﾠ
I	 ﾠexamined	 ﾠwhether	 ﾠI	 ﾠwas	 ﾠable	 ﾠto	 ﾠtitrate	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠplzfa	 ﾠTALEN	 ﾠactivity	 ﾠ
by	 ﾠinjecting	 ﾠdifferent	 ﾠamounts	 ﾠof	 ﾠRNA.	 ﾠ	 ﾠAnalysis	 ﾠby	 ﾠHRM	 ﾠrevealed	 ﾠthat	 ﾠobservable	 ﾠ
mutations	 ﾠwere	 ﾠinduced	 ﾠwhen	 ﾠvery	 ﾠlittle	 ﾠRNA	 ﾠwas	 ﾠinjected	 ﾠinto	 ﾠthe	 ﾠembryo	 ﾠ(4	 ﾠpg)	 ﾠ
and	 ﾠthat	 ﾠincreasing	 ﾠthe	 ﾠamount	 ﾠinjected	 ﾠcorrelated	 ﾠwith	 ﾠan	 ﾠincreasingly	 ﾠdivergent	 ﾠ
melt	 ﾠprofiles	 ﾠcompared	 ﾠwith	 ﾠthe	 ﾠuninjected	 ﾠcurve	 ﾠ(Figure	 ﾠ5-ﾭ‐6b).	 ﾠ
Targeting	 ﾠthe	 ﾠplzfb	 ﾠlocus	 ﾠ
I	 ﾠused	 ﾠthe	 ﾠsame	 ﾠprotocol	 ﾠto	 ﾠdesign	 ﾠand	 ﾠconstruct	 ﾠa	 ﾠTALEN	 ﾠpair	 ﾠto	 ﾠgenerate	 ﾠ
mutations	 ﾠin	 ﾠthe	 ﾠprotein	 ﾠcoding	 ﾠregion	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠgene	 ﾠ(Figure	 ﾠ5-ﾭ‐7a).	 ﾠ	 ﾠAnalysis	 ﾠby	 ﾠ
HRM	 ﾠof	 ﾠthe	 ﾠinjected	 ﾠembryos	 ﾠindicated	 ﾠthat	 ﾠthese	 ﾠTALENs	 ﾠare	 ﾠable	 ﾠto	 ﾠinduce	 ﾠ
mutations	 ﾠat	 ﾠthe	 ﾠtarget	 ﾠsite	 ﾠ(Figure	 ﾠ5-ﾭ‐7b).	 ﾠ	 ﾠAs	 ﾠdescribed	 ﾠpreviously,	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠ
reliably	 ﾠdetect	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠendogenous	 ﾠPlzfb	 ﾠprotein	 ﾠin	 ﾠzebrafish	 ﾠusing	 ﾠthe	 ﾠ
zfPlzf	 ﾠAb	 ﾠand	 ﾠtherefore	 ﾠunable	 ﾠto	 ﾠuse	 ﾠthis	 ﾠtechnique	 ﾠto	 ﾠdetermine	 ﾠefficiency	 ﾠof	 ﾠthe	 ﾠ
plzfb	 ﾠTALENs.	 ﾠ	 ﾠThe	 ﾠHRM	 ﾠcurves	 ﾠdidn’t	 ﾠdeviate	 ﾠas	 ﾠfar	 ﾠfrom	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠcurves	 ﾠwhen	 ﾠ
compared	 ﾠwith	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠ(Figure	 ﾠ5-ﾭ‐5h).	 ﾠ	 ﾠAlthough	 ﾠHRM	 ﾠanalysis	 ﾠdoesn’t	 ﾠallow	 ﾠ
quantification	 ﾠof	 ﾠthe	 ﾠextent	 ﾠof	 ﾠmutations	 ﾠinduced	 ﾠin	 ﾠindividual	 ﾠembryos,	 ﾠI	 ﾠattribute	 ﾠ
this	 ﾠresult	 ﾠto	 ﾠbe	 ﾠindicating	 ﾠthat	 ﾠplzfb	 ﾠTALENs	 ﾠaren’t	 ﾠas	 ﾠefficient	 ﾠat	 ﾠinducing	 ﾠmutations	 ﾠ
compared	 ﾠto	 ﾠthe	 ﾠplzfa	 ﾠTALENs.	 ﾠ	 ﾠIncreasing	 ﾠthe	 ﾠamount	 ﾠof	 ﾠplzfb	 ﾠTALEN	 ﾠRNA	 ﾠinjected	 ﾠ
didn’t	 ﾠappear	 ﾠto	 ﾠhave	 ﾠany	 ﾠsignificant	 ﾠeffect	 ﾠupon	 ﾠthe	 ﾠHRM	 ﾠcurves	 ﾠproduced	 ﾠ(data	 ﾠnot	 ﾠ
shown).	 ﾠ
The	 ﾠhigh	 ﾠsequence	 ﾠidentity	 ﾠbetween	 ﾠthe	 ﾠplzfb	 ﾠTALEN	 ﾠtarget	 ﾠsequence	 ﾠand	 ﾠthe	 ﾠ
homologous	 ﾠregion	 ﾠin	 ﾠplzfa	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐7c.	 ﾠ	 ﾠAs	 ﾠbefore,	 ﾠI	 ﾠobserved	 ﾠno	 ﾠobvious	 ﾠ
alterations	 ﾠin	 ﾠthe	 ﾠHRM	 ﾠcurves	 ﾠfrom	 ﾠinjected	 ﾠembryos	 ﾠwhen	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠ
uninjected	 ﾠembryos	 ﾠ(Figure	 ﾠ5-ﾭ‐7d),	 ﾠindicating	 ﾠthat	 ﾠplzfb	 ﾠTALENs	 ﾠare	 ﾠnot	 ﾠgenerating	 ﾠ
indels	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠgene.	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Figure	 ﾠ5-ﾭ‐5:	 ﾠTALENs	 ﾠtargeting	 ﾠplzfa	 ﾠinduce	 ﾠmutations	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠefficiency	 ﾠ	 ﾠ	 ﾠ
a:	 ﾠTALENs	 ﾠwere	 ﾠdesigned	 ﾠto	 ﾠtarget	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠnear	 ﾠthe	 ﾠstart	 ﾠof	 ﾠthe	 ﾠprotein	 ﾠ
coding	 ﾠregion	 ﾠin	 ﾠthe	 ﾠsecond	 ﾠexon.	 ﾠ	 ﾠThe	 ﾠforward	 ﾠDNA	 ﾠstrand	 ﾠfor	 ﾠthe	 ﾠplzfa	 ﾠtarget	 ﾠ
sequence	 ﾠis	 ﾠshown,	 ﾠthe	 ﾠsequence	 ﾠtargeted	 ﾠby	 ﾠthe	 ﾠLeft	 ﾠplzfa	 ﾠTALEN	 ﾠhighlighted	 ﾠin	 ﾠ
blue	 ﾠand	 ﾠthe	 ﾠcomplementary	 ﾠsequence	 ﾠfor	 ﾠthe	 ﾠRight	 ﾠplzfa	 ﾠTALEN	 ﾠhighlighted	 ﾠin	 ﾠred.	 ﾠ	 ﾠ
b-ﾭ‐g:	 ﾠUsing	 ﾠthe	 ﾠzfPlzf	 ﾠAb	 ﾠto	 ﾠmonitor	 ﾠprotein	 ﾠexpression	 ﾠin	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠ
TALENs	 ﾠRNA	 ﾠ(100	 ﾠpg	 ﾠeach	 ﾠarray).	 ﾠ	 ﾠUninjected	 ﾠembryos	 ﾠshow	 ﾠwidespread	 ﾠnuclear	 ﾠ
Plzfa	 ﾠprotein	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠ24	 ﾠhpf	 ﾠhindbrain	 ﾠ(b-ﾭ‐d),	 ﾠwhich	 ﾠis	 ﾠentirely	 ﾠabolished	 ﾠin	 ﾠ
some	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠ(e-ﾭ‐g).	 ﾠ	 ﾠScale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
h:	 ﾠIndividual	 ﾠinjected	 ﾠembryos	 ﾠwere	 ﾠanalysed	 ﾠby	 ﾠHRM	 ﾠanalysis.	 ﾠ	 ﾠAll	 ﾠexamined	 ﾠshowed	 ﾠ
curves	 ﾠ(red)	 ﾠthat	 ﾠwere	 ﾠnoticeably	 ﾠdifferent	 ﾠfrom	 ﾠthe	 ﾠcurves	 ﾠproduced	 ﾠby	 ﾠuninjected	 ﾠ
embryos	 ﾠ(black).	 ﾠ	 ﾠ	 ﾠ
i:	 ﾠVarious	 ﾠmutant	 ﾠplzfa	 ﾠalleles	 ﾠfrom	 ﾠa	 ﾠsingle	 ﾠinjected	 ﾠembryo	 ﾠwere	 ﾠseparated	 ﾠby	 ﾠ
colony	 ﾠPCR	 ﾠand	 ﾠsequenced	 ﾠrevealing	 ﾠa	 ﾠlarge	 ﾠrange	 ﾠindels	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠinjected	 ﾠ
embryo.	 ﾠ	 ﾠDeletions	 ﾠare	 ﾠshown	 ﾠas	 ﾠa	 ﾠdash	 ﾠin	 ﾠred	 ﾠand	 ﾠinsertions	 ﾠshown	 ﾠin	 ﾠblue.	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Figure	 ﾠ5-ﾭ‐5	 ﾠ
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Figure	 ﾠ5-ﾭ‐6:	 ﾠThe	 ﾠplzfa	 ﾠTALENs	 ﾠdo	 ﾠnot	 ﾠtarget	 ﾠthe	 ﾠplzfb	 ﾠlocus	 ﾠand	 ﾠtheir	 ﾠ
efficiency	 ﾠcan	 ﾠbe	 ﾠtitrated	 ﾠ	 ﾠ	 ﾠ
a:	 ﾠNucleotide	 ﾠsequence	 ﾠcomparison	 ﾠbetween	 ﾠthe	 ﾠtargeted	 ﾠplzfa	 ﾠlocus	 ﾠand	 ﾠthe	 ﾠ
homologous	 ﾠregion	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠgene	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ	 ﾠLeft	 ﾠand	 ﾠright	 ﾠTALEN	 ﾠ
target	 ﾠsequences	 ﾠare	 ﾠunderlined	 ﾠand	 ﾠan	 ﾠasterisk	 ﾠindicate	 ﾠthe	 ﾠnucleotides	 ﾠnot	 ﾠ
conserved	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠparalogues.	 ﾠ	 ﾠ
b:	 ﾠHRM	 ﾠanalysis	 ﾠat	 ﾠthe	 ﾠplzfb	 ﾠlocus.	 ﾠ	 ﾠThe	 ﾠsame	 ﾠembryos	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐5h	 ﾠwere	 ﾠ
amplified	 ﾠaround	 ﾠthe	 ﾠplzfb	 ﾠlocus	 ﾠand	 ﾠexamined	 ﾠfor	 ﾠevidence	 ﾠof	 ﾠchanges	 ﾠin	 ﾠnucleotide	 ﾠ
composition.	 ﾠ	 ﾠThe	 ﾠHRM	 ﾠcurves	 ﾠappeared	 ﾠhighly	 ﾠsimilar	 ﾠto	 ﾠthose	 ﾠobtained	 ﾠfrom	 ﾠ
uninjected	 ﾠembryos.	 ﾠ
c:	 ﾠTitrating	 ﾠplzfa	 ﾠTALEN	 ﾠactivity.	 ﾠ	 ﾠIncreasing	 ﾠamounts	 ﾠof	 ﾠplzfa	 ﾠTALEN	 ﾠRNA	 ﾠwas	 ﾠ
injected	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠembryo	 ﾠand	 ﾠthe	 ﾠembryos	 ﾠwere	 ﾠanalysed	 ﾠby	 ﾠHRM	 ﾠat	 ﾠthe	 ﾠ
plzfa	 ﾠlocus.	 ﾠ	 ﾠAmounts	 ﾠindicated	 ﾠcorrespond	 ﾠto	 ﾠeach	 ﾠarray	 ﾠin	 ﾠthe	 ﾠTALEN	 ﾠpair.	 ﾠ	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Figure	 ﾠ5-ﾭ‐6	 ﾠ
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Figure	 ﾠ5-ﾭ‐7:	 ﾠThe	 ﾠplzfb	 ﾠTALENs	 ﾠinduce	 ﾠsomatic	 ﾠmutations	 ﾠand	 ﾠdon’t	 ﾠtarget	 ﾠ
plzfa	 ﾠ
a:	 ﾠSchematic	 ﾠrepresentation	 ﾠof	 ﾠthe	 ﾠ5’	 ﾠplzfb	 ﾠgene	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠshowing	 ﾠ
the	 ﾠfirst	 ﾠtwo	 ﾠexons.	 ﾠ	 ﾠplzfb	 ﾠTALENs	 ﾠwere	 ﾠtargeted	 ﾠroughly	 ﾠ80	 ﾠbp	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠ
translational	 ﾠstart	 ﾠsite.	 ﾠ	 ﾠTALEN	 ﾠtarget	 ﾠsequence	 ﾠfor	 ﾠthe	 ﾠleft	 ﾠarray	 ﾠis	 ﾠhighlighted	 ﾠin	 ﾠblue	 ﾠ
and	 ﾠthe	 ﾠcomplementary	 ﾠsequence	 ﾠfor	 ﾠthe	 ﾠright	 ﾠarray	 ﾠin	 ﾠred.	 ﾠ	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠ
restriction	 ﾠenzyme	 ﾠsite	 ﾠHhaI	 ﾠwithin	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠis	 ﾠhighlighted	 ﾠin	 ﾠgrey.	 ﾠ
b:	 ﾠHRM	 ﾠanalysis	 ﾠof	 ﾠplzfb	 ﾠTALEN	 ﾠinjected	 ﾠembryos	 ﾠat	 ﾠthe	 ﾠplzfb	 ﾠTarget	 ﾠSite.	 ﾠ	 ﾠThe	 ﾠmelt	 ﾠ
profiles	 ﾠfor	 ﾠthose	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfb	 ﾠTALENs	 ﾠdeviate	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠ
profile.	 ﾠ
c:	 ﾠSequence	 ﾠcomparison	 ﾠbetween	 ﾠthe	 ﾠplzfb	 ﾠtarget	 ﾠregion	 ﾠand	 ﾠthe	 ﾠhomologous	 ﾠregion	 ﾠ
in	 ﾠplzfa.	 ﾠ	 ﾠLeft	 ﾠand	 ﾠright	 ﾠtarget	 ﾠsequences	 ﾠare	 ﾠunderlined	 ﾠand	 ﾠnucleotides	 ﾠwhich	 ﾠdiffer	 ﾠ
are	 ﾠmarked	 ﾠby	 ﾠan	 ﾠasterisk.	 ﾠ
d:	 ﾠHRM	 ﾠanalysis	 ﾠfor	 ﾠplzfb	 ﾠTALEN	 ﾠinjected	 ﾠembryos	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠOff-ﾭ‐Target	 ﾠSite.	 ﾠ	 ﾠNo	 ﾠ
obvious	 ﾠdifferences	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠmelt	 ﾠprofile	 ﾠwere	 ﾠobserved.	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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Germline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠmutations	 ﾠ
Embryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠwere	 ﾠgrown	 ﾠup	 ﾠto	 ﾠadulthood.	 ﾠ	 ﾠThese	 ﾠfish	 ﾠ
were	 ﾠoutcrossed	 ﾠto	 ﾠwild	 ﾠtype	 ﾠfish	 ﾠin	 ﾠorder	 ﾠto	 ﾠproduce	 ﾠF1	 ﾠembryos	 ﾠthat	 ﾠare	 ﾠ
potentially	 ﾠheterozygous	 ﾠfor	 ﾠplzfa.	 ﾠ	 ﾠAll	 ﾠembryos	 ﾠscreened	 ﾠby	 ﾠHRM	 ﾠwere	 ﾠshown	 ﾠto	 ﾠbe	 ﾠ
heterozygous	 ﾠ(24/24,	 ﾠdata	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠF1	 ﾠembryos	 ﾠleft	 ﾠto	 ﾠdevelop	 ﾠinto	 ﾠadults	 ﾠwere	 ﾠ
subsequently	 ﾠfin	 ﾠclipped	 ﾠand	 ﾠscreened	 ﾠby	 ﾠHRM	 ﾠfor	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠindels	 ﾠaround	 ﾠthe	 ﾠ
target	 ﾠsite	 ﾠ(Figure	 ﾠ5-ﾭ‐8a).	 ﾠ	 ﾠAll	 ﾠfish	 ﾠbar	 ﾠone	 ﾠwere	 ﾠheterozygous	 ﾠ(n=18)	 ﾠand,	 ﾠas	 ﾠexpected	 ﾠ
from	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠgolden	 ﾠTALEN	 ﾠresults,	 ﾠa	 ﾠrange	 ﾠof	 ﾠmutations	 ﾠwas	 ﾠfound	 ﾠ
to	 ﾠbe	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠF1	 ﾠfish.	 ﾠ	 ﾠThese	 ﾠwere	 ﾠclearly	 ﾠidentifiable	 ﾠby	 ﾠtheir	 ﾠdifferent	 ﾠmelt	 ﾠ
profiles	 ﾠ(Figure	 ﾠ5-ﾭ‐8a).	 ﾠ	 ﾠThe	 ﾠmutant	 ﾠalleles	 ﾠof	 ﾠthese	 ﾠfish	 ﾠwere	 ﾠsequenced	 ﾠand	 ﾠfound	 ﾠto	 ﾠ
contain	 ﾠindels	 ﾠwithin	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠ(Figure	 ﾠ5-ﾭ‐8b).	 ﾠ	 ﾠGrouping	 ﾠthe	 ﾠfish	 ﾠby	 ﾠtheir	 ﾠ
sequenced	 ﾠmutation	 ﾠgave	 ﾠthe	 ﾠsame	 ﾠresult	 ﾠas	 ﾠgrouping	 ﾠthem	 ﾠby	 ﾠtheir	 ﾠmelt	 ﾠprofile.	 ﾠ	 ﾠ
This	 ﾠresult	 ﾠshows	 ﾠthat	 ﾠit	 ﾠis	 ﾠpossible	 ﾠto	 ﾠseparate	 ﾠembryos	 ﾠcarrying	 ﾠdifferent	 ﾠmutations	 ﾠ
by	 ﾠtheir	 ﾠHRM	 ﾠcurve	 ﾠshape.	 ﾠ
plzfa	 ﾠTALEN	 ﾠfounder	 ﾠfish	 ﾠwere	 ﾠincrossed	 ﾠin	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠF1	 ﾠembryos	 ﾠ
that	 ﾠare	 ﾠpotentially	 ﾠhomozygous	 ﾠmutant	 ﾠfor	 ﾠplzfa.	 ﾠ	 ﾠAnalysis	 ﾠby	 ﾠHRM	 ﾠrevealed	 ﾠthe	 ﾠ
presence	 ﾠof	 ﾠmutations	 ﾠin	 ﾠall	 ﾠembryos	 ﾠscreened	 ﾠ(n=12),	 ﾠand	 ﾠdisruption	 ﾠof	 ﾠboth	 ﾠplzfa	 ﾠ
alleles	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠrevealed	 ﾠby	 ﾠantibody	 ﾠstaining	 ﾠ
(Figure	 ﾠ5-ﾭ‐8c-ﾭ‐e).	 ﾠ	 ﾠThese	 ﾠresults	 ﾠdemonstrate	 ﾠthat	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠare	 ﾠextremely	 ﾠ
efficient	 ﾠat	 ﾠinducing	 ﾠsomatic	 ﾠmutations	 ﾠand	 ﾠthat	 ﾠthese	 ﾠmutations	 ﾠare	 ﾠtransmitted	 ﾠto	 ﾠ
their	 ﾠprogeny,	 ﾠallowing	 ﾠthe	 ﾠgeneration	 ﾠof	 ﾠheterozygous	 ﾠand	 ﾠhomozygous	 ﾠplzfa	 ﾠfish	 ﾠin	 ﾠ
a	 ﾠsingle	 ﾠgeneration.	 ﾠ	 ﾠThe	 ﾠresults	 ﾠfrom	 ﾠthe	 ﾠgermline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠmutations	 ﾠare	 ﾠ
summarised	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐8f.	 ﾠ	 ﾠNo	 ﾠobvious	 ﾠmorphological	 ﾠphenotype	 ﾠor	 ﾠdevelopmental	 ﾠ
delay	 ﾠwas	 ﾠobserved	 ﾠfor	 ﾠthe	 ﾠplzfa	 ﾠ-ﾭ‐/-ﾭ‐	 ﾠmutants.	 ﾠ
Germline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠmutations	 ﾠ
Generating	 ﾠplzfb	 ﾠmutants	 ﾠproved	 ﾠto	 ﾠbe	 ﾠa	 ﾠmore	 ﾠchallenging	 ﾠtask	 ﾠthan	 ﾠfor	 ﾠplzfa.	 ﾠ	 ﾠ
plzfb	 ﾠTALEN	 ﾠinjected	 ﾠfish	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠadulthood	 ﾠand	 ﾠthen	 ﾠincrossed	 ﾠin	 ﾠorder	 ﾠto	 ﾠ
generate	 ﾠembryos	 ﾠwith	 ﾠa	 ﾠmixture	 ﾠof	 ﾠgenotypes.	 ﾠ	 ﾠHRM	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠresulting	 ﾠ
embryos	 ﾠrevealed	 ﾠa	 ﾠmixture	 ﾠof	 ﾠmelt	 ﾠcurves	 ﾠthat	 ﾠappeared	 ﾠheterozygous	 ﾠ(Figure	 ﾠ
5-ﾭ‐9a).	 ﾠ	 ﾠFrom	 ﾠthe	 ﾠHRM	 ﾠanalysis	 ﾠalone,	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠmelt	 ﾠ
profiles	 ﾠwere	 ﾠindicative	 ﾠof	 ﾠa	 ﾠheterozygous	 ﾠplzfb	 ﾠgenotype,	 ﾠor	 ﾠwhether	 ﾠthey	 ﾠcontained	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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two	 ﾠdifferent	 ﾠmutant	 ﾠalleles	 ﾠas	 ﾠthis	 ﾠwould	 ﾠalso	 ﾠresult	 ﾠin	 ﾠmelt	 ﾠcurve	 ﾠthat	 ﾠappeared	 ﾠ
heterozygous.	 ﾠ	 ﾠEmbryos	 ﾠfrom	 ﾠthis	 ﾠfounder	 ﾠwere	 ﾠgrown	 ﾠup	 ﾠto	 ﾠadulthood	 ﾠbefore	 ﾠ
further	 ﾠgenotyping	 ﾠanalysis	 ﾠwas	 ﾠcarried	 ﾠout.	 ﾠ
I	 ﾠelected	 ﾠto	 ﾠuse	 ﾠRFLP	 ﾠanalysis	 ﾠon	 ﾠthe	 ﾠF1	 ﾠadults	 ﾠusing	 ﾠthe	 ﾠHhaI	 ﾠrestriction	 ﾠ
enzyme	 ﾠsite	 ﾠwithin	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠ(Figure	 ﾠ5-ﾭ‐7a).	 ﾠ	 ﾠPCR	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠaround	 ﾠto	 ﾠ
amplify	 ﾠa	 ﾠ568	 ﾠbp	 ﾠfragment	 ﾠaround	 ﾠthe	 ﾠTALEN	 ﾠrecognition	 ﾠsite.	 ﾠ	 ﾠAnalysis	 ﾠis	 ﾠ
complicated	 ﾠby	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠa	 ﾠsecond	 ﾠHhaI	 ﾠsite	 ﾠclose	 ﾠto	 ﾠthe	 ﾠone	 ﾠshown.	 ﾠ	 ﾠIf	 ﾠthere	 ﾠ
are	 ﾠindels	 ﾠwithin	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠthat	 ﾠdisrupt	 ﾠthe	 ﾠHhaI	 ﾠsite	 ﾠthen	 ﾠthe	 ﾠloss	 ﾠof	 ﾠcutting	 ﾠ
can	 ﾠdistinguish	 ﾠthe	 ﾠgenotype.	 ﾠ	 ﾠThe	 ﾠresults,	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠexpected	 ﾠfragment	 ﾠlengths	 ﾠ
for	 ﾠeach	 ﾠof	 ﾠthe	 ﾠgenotype	 ﾠare	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐9b.	 ﾠ	 ﾠScreening	 ﾠusing	 ﾠthis	 ﾠmethod	 ﾠ
found	 ﾠthat	 ﾠout	 ﾠof	 ﾠthe	 ﾠ15	 ﾠfish	 ﾠscreened,	 ﾠ8	 ﾠwere	 ﾠfound	 ﾠto	 ﾠbe	 ﾠheterozygous	 ﾠand	 ﾠthe	 ﾠrest	 ﾠ
wild	 ﾠtypes	 ﾠwith	 ﾠno	 ﾠhomozygous	 ﾠmutants.	 ﾠ
I	 ﾠdetermined	 ﾠthe	 ﾠsequence	 ﾠof	 ﾠthese	 ﾠindels	 ﾠand	 ﾠfound	 ﾠseveral	 ﾠfish	 ﾠwith	 ﾠthe	 ﾠ
identical	 ﾠtwo	 ﾠbase	 ﾠpair	 ﾠdeletion	 ﾠ(designated	 ﾠ∆2)	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐9c.	 ﾠ	 ﾠThis	 ﾠmutation	 ﾠ
leads	 ﾠto	 ﾠa	 ﾠpremature	 ﾠstop	 ﾠcodon	 ﾠat	 ﾠamino	 ﾠacid	 ﾠposition	 ﾠ34	 ﾠ(total	 ﾠamino	 ﾠacids	 ﾠ=	 ﾠ659)	 ﾠ
and	 ﾠis	 ﾠtherefore	 ﾠis	 ﾠexpected	 ﾠto	 ﾠlead	 ﾠto	 ﾠloss	 ﾠof	 ﾠPlzfb	 ﾠprotein	 ﾠfunction.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠ
generate	 ﾠmutant	 ﾠlines	 ﾠwhere	 ﾠboth	 ﾠalleles	 ﾠcontain	 ﾠthis	 ﾠsame	 ﾠmutation	 ﾠI	 ﾠcrossed	 ﾠtwo	 ﾠ
of	 ﾠthese	 ﾠidentified	 ﾠadults	 ﾠ(Figure	 ﾠ5-ﾭ‐9d).	 ﾠ	 ﾠA	 ﾠselection	 ﾠof	 ﾠthe	 ﾠF2	 ﾠembryos	 ﾠproduced	 ﾠwas	 ﾠ
screened	 ﾠby	 ﾠboth	 ﾠRFLP	 ﾠ(Figure	 ﾠ5-ﾭ‐9e)	 ﾠand	 ﾠHRM	 ﾠanalysis	 ﾠ(Figure	 ﾠ5-ﾭ‐9f)	 ﾠat	 ﾠ72	 ﾠhpf,	 ﾠ
revealing	 ﾠa	 ﾠmixture	 ﾠof	 ﾠwild	 ﾠtypes,	 ﾠheterozygotes	 ﾠand	 ﾠhomozygotes,	 ﾠas	 ﾠexpected.	 ﾠ	 ﾠThe	 ﾠ
mutations	 ﾠwere	 ﾠconfirmed	 ﾠby	 ﾠsequencing	 ﾠand	 ﾠthe	 ﾠchromatograms	 ﾠdisplayed	 ﾠin	 ﾠ
Figure	 ﾠ5-ﾭ‐9g.	 ﾠ	 ﾠNo	 ﾠmorphological	 ﾠphenotype	 ﾠwas	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠfirst	 ﾠfive	 ﾠdays	 ﾠof	 ﾠ
zebrafish	 ﾠdevelopment	 ﾠin	 ﾠany	 ﾠof	 ﾠthe	 ﾠgenotypes.	 ﾠ
The	 ﾠremaining	 ﾠF2	 ﾠembryos	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠadulthood	 ﾠwhen	 ﾠthey	 ﾠwere	 ﾠfin	 ﾠ
clipped	 ﾠand	 ﾠanalysed	 ﾠto	 ﾠidentify	 ﾠtheir	 ﾠgenotype	 ﾠby	 ﾠHRM	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠThe	 ﾠ
results	 ﾠfrom	 ﾠthe	 ﾠgermline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠmutations	 ﾠare	 ﾠsummarised	 ﾠin	 ﾠ
Figure	 ﾠ5-ﾭ‐9h.	 ﾠ	 ﾠThese	 ﾠresults	 ﾠtaken	 ﾠas	 ﾠa	 ﾠwhole	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠplzfb	 ﾠTALENs,	 ﾠalthough	 ﾠ
not	 ﾠas	 ﾠefficient	 ﾠat	 ﾠgenerating	 ﾠmutations	 ﾠwhen	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠplzfa	 ﾠTALENs,	 ﾠare	 ﾠ
capable	 ﾠof	 ﾠgenerating	 ﾠtransmissible	 ﾠmutations.Chapter	 ﾠ5:	 ﾠTALENs	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Figure	 ﾠ5-ﾭ‐8:	 ﾠHighly	 ﾠefficient	 ﾠgermline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠmutations	 ﾠ
a:	 ﾠMelt	 ﾠprofiles	 ﾠof	 ﾠplzfa	 ﾠTALEN	 ﾠF1	 ﾠadults	 ﾠgenerated	 ﾠfrom	 ﾠa	 ﾠsingle	 ﾠoutcross.	 ﾠ	 ﾠFour	 ﾠ
different	 ﾠheterozygous	 ﾠcurves	 ﾠwere	 ﾠclearly	 ﾠdistinguishable	 ﾠfrom	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠcurve.	 ﾠ	 ﾠ
These	 ﾠare	 ﾠmarked	 ﾠas	 ﾠmutant	 ﾠ1	 ﾠ(blue,	 ﾠ5/18),	 ﾠmutant	 ﾠ2	 ﾠ(red,	 ﾠ9/18),	 ﾠmutant	 ﾠ3	 ﾠ(green,	 ﾠ
1/18)	 ﾠand	 ﾠmutant	 ﾠ4	 ﾠ(purple,	 ﾠ1/18).	 ﾠ	 ﾠOne	 ﾠfish	 ﾠwas	 ﾠindistinguishable	 ﾠfrom	 ﾠwild	 ﾠtype	 ﾠ
(not	 ﾠshown).	 ﾠ
b:	 ﾠSequencing	 ﾠof	 ﾠthe	 ﾠdifferent	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠF1	 ﾠfish.	 ﾠ	 ﾠThree	 ﾠof	 ﾠthe	 ﾠmutant	 ﾠalleles	 ﾠ
are	 ﾠshown	 ﾠand	 ﾠare	 ﾠcolour	 ﾠcoded	 ﾠwith	 ﾠtheir	 ﾠmelt	 ﾠprofiles	 ﾠshown	 ﾠin	 ﾠ(a).	 ﾠ
c-ﾭ‐e:	 ﾠAdult	 ﾠplzfa	 ﾠTALEN	 ﾠfounder	 ﾠfish	 ﾠwere	 ﾠincrossed	 ﾠand	 ﾠtheir	 ﾠembryos	 ﾠanalysed	 ﾠby	 ﾠ
IHC.	 ﾠ	 ﾠRepresentative	 ﾠembryo	 ﾠshowing	 ﾠloss	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠin	 ﾠthe	 ﾠhindbrain	 ﾠis	 ﾠshown.	 ﾠ	 ﾠ
Compare	 ﾠwith	 ﾠwild	 ﾠtype	 ﾠlevels	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠexpression	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐5b-ﾭ‐d.	 ﾠ	 ﾠScale	 ﾠbar	 ﾠ
=	 ﾠ20	 ﾠμm.	 ﾠ
f:	 ﾠSummary	 ﾠof	 ﾠthe	 ﾠdata	 ﾠobtained	 ﾠby	 ﾠHRM	 ﾠfrom	 ﾠthe	 ﾠgermline	 ﾠexperiments.	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Figure	 ﾠ5-ﾭ‐8	 ﾠ
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Figure	 ﾠ5-ﾭ‐9:	 ﾠGermline	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠmutations	 ﾠ
a:	 ﾠHRM	 ﾠanalysis	 ﾠon	 ﾠembryos	 ﾠproduced	 ﾠfrom	 ﾠincrossing	 ﾠtwo	 ﾠplzfb	 ﾠTALEN	 ﾠfounder	 ﾠfish.	 ﾠ	 ﾠ
Three	 ﾠexample	 ﾠcurves	 ﾠfrom	 ﾠindividual	 ﾠembryos	 ﾠare	 ﾠshown	 ﾠin	 ﾠred,	 ﾠindicating	 ﾠthat	 ﾠa	 ﾠ
range	 ﾠof	 ﾠplzfb	 ﾠmutations	 ﾠare	 ﾠtransmitted	 ﾠthrough	 ﾠthe	 ﾠgermline.	 ﾠ
b:	 ﾠRFLP	 ﾠanalysis	 ﾠon	 ﾠfin	 ﾠclipped	 ﾠplzfb	 ﾠTALEN	 ﾠF1	 ﾠadults	 ﾠproduced	 ﾠfrom	 ﾠa	 ﾠsingle	 ﾠincross.	 ﾠ	 ﾠ
PCR	 ﾠamplified	 ﾠa	 ﾠ568	 ﾠbp	 ﾠfragment	 ﾠwhich	 ﾠwas	 ﾠcut	 ﾠby	 ﾠthe	 ﾠrestriction	 ﾠenzyme	 ﾠHhaI	 ﾠ
resulting	 ﾠin	 ﾠa	 ﾠrange	 ﾠof	 ﾠdifferent	 ﾠfragments	 ﾠdepending	 ﾠupon	 ﾠthe	 ﾠgenotype	 ﾠas	 ﾠ
indicated.	 ﾠ	 ﾠAll	 ﾠsamples	 ﾠ(15	 ﾠtotal)	 ﾠwere	 ﾠfound	 ﾠto	 ﾠbe	 ﾠeither	 ﾠheterozygous	 ﾠ(blue)	 ﾠor	 ﾠwild	 ﾠ
type	 ﾠ(black).	 ﾠ
c:	 ﾠSequencing	 ﾠsome	 ﾠof	 ﾠthe	 ﾠgDNA	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠF1	 ﾠadults	 ﾠrevealed	 ﾠa	 ﾠrange	 ﾠof	 ﾠ
different	 ﾠmutations	 ﾠwithin	 ﾠthe	 ﾠspacer.	 ﾠ	 ﾠFemale	 ﾠ1	 ﾠand	 ﾠMale	 ﾠ5	 ﾠwere	 ﾠfound	 ﾠto	 ﾠcontain	 ﾠ
the	 ﾠsame	 ﾠ2	 ﾠbp	 ﾠdeletion	 ﾠ(∆2)	 ﾠthat	 ﾠleads	 ﾠto	 ﾠa	 ﾠpremature	 ﾠstop	 ﾠcodon	 ﾠin	 ﾠthe	 ﾠplzfb	 ﾠgene.	 ﾠ	 ﾠ
HhaI	 ﾠsite	 ﾠhighlighted	 ﾠin	 ﾠgrey	 ﾠin	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠsequence.	 ﾠ
d-ﾭ‐f:	 ﾠF1	 ﾠFemale	 ﾠ1	 ﾠand	 ﾠMale	 ﾠ5	 ﾠwere	 ﾠcrossed	 ﾠand	 ﾠtheir	 ﾠembryos	 ﾠanalysed	 ﾠby	 ﾠRFLP	 ﾠ(e)	 ﾠ
and	 ﾠHRM	 ﾠ(f).	 ﾠ	 ﾠUsing	 ﾠeither	 ﾠtechnique,	 ﾠthree	 ﾠgenotypes	 ﾠcould	 ﾠbe	 ﾠidentified:	 ﾠwild	 ﾠtype	 ﾠ
(black;	 ﾠ2/16	 ﾠtotal	 ﾠfish),	 ﾠheterozygous	 ﾠ(blue;	 ﾠ9/16)	 ﾠand	 ﾠhomozygous	 ﾠ(red;	 ﾠ5/16).	 ﾠ
e:	 ﾠDNA	 ﾠchromatograms	 ﾠgenerated	 ﾠby	 ﾠthe	 ﾠ4Peaks	 ﾠsoftware	 ﾠshows	 ﾠthe	 ﾠdifferent	 ﾠ
profiles	 ﾠproduced	 ﾠfor	 ﾠwild	 ﾠtypes,	 ﾠheterozygotes	 ﾠand	 ﾠhomozygotes.	 ﾠ	 ﾠThe	 ﾠexpected	 ﾠ
sequences	 ﾠfor	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠand	 ﾠmutant	 ﾠalleles	 ﾠare	 ﾠdisplayed	 ﾠabove	 ﾠthe	 ﾠprofiles,	 ﾠ
each	 ﾠnucleotide	 ﾠcolour	 ﾠcoded.	 ﾠ
h:	 ﾠplzfb	 ﾠgermline	 ﾠdata	 ﾠsummarised.	 ﾠ	 ﾠData	 ﾠpooled	 ﾠfrom	 ﾠboth	 ﾠHRM	 ﾠand	 ﾠRFLP	 ﾠresults.	 ﾠ
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Figure	 ﾠ5-ﾭ‐9	 ﾠ
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Generating	 ﾠdouble	 ﾠmutants	 ﾠ
My	 ﾠMO	 ﾠexperiments	 ﾠrevealed	 ﾠa	 ﾠphenotype	 ﾠupon	 ﾠthe	 ﾠknockdown	 ﾠof	 ﾠboth	 ﾠ
plzfa	 ﾠand	 ﾠplzfb	 ﾠtogether.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠsought	 ﾠto	 ﾠgenerate	 ﾠa	 ﾠmutant	 ﾠzebrafish	 ﾠline	 ﾠ
carrying	 ﾠloss	 ﾠof	 ﾠfunction	 ﾠmutations	 ﾠin	 ﾠboth	 ﾠgenes.	 ﾠ	 ﾠOne	 ﾠmethod	 ﾠto	 ﾠdo	 ﾠthis	 ﾠis	 ﾠto	 ﾠcross	 ﾠ
plzfa	 ﾠ
-ﾭ‐/-ﾭ‐	 ﾠwith	 ﾠplzfb	 ﾠ
-ﾭ‐/-ﾭ‐	 ﾠmutants,	 ﾠraise	 ﾠthe	 ﾠprogeny	 ﾠand	 ﾠthen	 ﾠincross	 ﾠthese	 ﾠfish	 ﾠto	 ﾠ
generate	 ﾠembryos	 ﾠwith	 ﾠa	 ﾠmixture	 ﾠof	 ﾠgenotypes,	 ﾠsome	 ﾠof	 ﾠwhich	 ﾠwill	 ﾠcontain	 ﾠ
mutations	 ﾠin	 ﾠboth	 ﾠparalogues.	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠrequired	 ﾠwaiting	 ﾠuntil	 ﾠI	 ﾠhad	 ﾠgenotyped	 ﾠ
adults	 ﾠof	 ﾠmy	 ﾠsingle	 ﾠmutants	 ﾠbefore	 ﾠI	 ﾠcould	 ﾠbegin	 ﾠthese	 ﾠcrosses	 ﾠand	 ﾠwas	 ﾠnot	 ﾠsuitable	 ﾠ
for	 ﾠthe	 ﾠtime	 ﾠscale	 ﾠof	 ﾠmy	 ﾠPhD	 ﾠproject.	 ﾠ
Instead,	 ﾠwhilst	 ﾠI	 ﾠwas	 ﾠwaiting	 ﾠfor	 ﾠthe	 ﾠsingle	 ﾠmutants	 ﾠto	 ﾠreach	 ﾠmaturity,	 ﾠI	 ﾠ
attempted	 ﾠto	 ﾠgenerate	 ﾠdouble	 ﾠmutants	 ﾠby	 ﾠinjecting	 ﾠRNA	 ﾠof	 ﾠboth	 ﾠplzfa	 ﾠTALEN	 ﾠand	 ﾠ
plzfb	 ﾠTALEN	 ﾠpairs	 ﾠ(100	 ﾠpg	 ﾠeach	 ﾠarray)	 ﾠinto	 ﾠwild	 ﾠtype	 ﾠzebrafish	 ﾠembryos	 ﾠ(Figure	 ﾠ
5-ﾭ‐10a).	 ﾠ	 ﾠOver	 ﾠ90%	 ﾠof	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠboth	 ﾠTALEN	 ﾠpairs	 ﾠdied	 ﾠin	 ﾠthe	 ﾠinitial	 ﾠ24	 ﾠ
hours	 ﾠof	 ﾠdevelopment.	 ﾠ	 ﾠThe	 ﾠremaining	 ﾠsurvivors	 ﾠwere	 ﾠscreened	 ﾠby	 ﾠHRM	 ﾠanalysis	 ﾠand	 ﾠ
determined	 ﾠto	 ﾠcontain	 ﾠindels	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠgenes	 ﾠ(Figure	 ﾠ5-ﾭ‐10b	 ﾠ&	 ﾠc	 ﾠ
respectively).	 ﾠ	 ﾠ	 ﾠ
It	 ﾠis	 ﾠunclear	 ﾠwhether	 ﾠthis	 ﾠtoxicity	 ﾠrelates	 ﾠto	 ﾠthe	 ﾠincreased	 ﾠamount	 ﾠof	 ﾠtotal	 ﾠ
TALEN	 ﾠRNA	 ﾠinjected,	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠincreased	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠcaused	 ﾠby	 ﾠ
injecting	 ﾠmultiple	 ﾠleft	 ﾠand	 ﾠright	 ﾠarrays,	 ﾠis	 ﾠa	 ﾠphenotype	 ﾠrelated	 ﾠto	 ﾠloss	 ﾠof	 ﾠplzfa	 ﾠand	 ﾠ
plzfb	 ﾠfunction	 ﾠor	 ﾠwas	 ﾠdue	 ﾠto	 ﾠinjecting	 ﾠan	 ﾠunhealthy	 ﾠbatch	 ﾠof	 ﾠembryos.	 ﾠ	 ﾠThe	 ﾠinjections	 ﾠ
were	 ﾠrepeated	 ﾠusing	 ﾠhalf	 ﾠthe	 ﾠamount	 ﾠof	 ﾠRNA	 ﾠ(50	 ﾠpg	 ﾠper	 ﾠarray)	 ﾠand	 ﾠthe	 ﾠvast	 ﾠmajority	 ﾠ
of	 ﾠembryos	 ﾠwere	 ﾠfound	 ﾠto	 ﾠsurvive	 ﾠand	 ﾠlooked	 ﾠmorphologically	 ﾠhealthy.	 ﾠ	 ﾠHRM	 ﾠ
analysis	 ﾠon	 ﾠthese	 ﾠembryos	 ﾠrevealed	 ﾠthat	 ﾠthey	 ﾠcontained	 ﾠidentifiable	 ﾠindels	 ﾠin	 ﾠboth	 ﾠ
genes	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠBased	 ﾠon	 ﾠprevious	 ﾠexperiments,	 ﾠinjecting	 ﾠlower	 ﾠamounts	 ﾠof	 ﾠ
RNA	 ﾠdecreases	 ﾠTALEN	 ﾠefficiency	 ﾠin	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠthis	 ﾠis	 ﾠlikely	 ﾠto	 ﾠdecrease	 ﾠthe	 ﾠ
efficiency	 ﾠof	 ﾠgermline	 ﾠtransmission	 ﾠof	 ﾠmutations.	 ﾠ	 ﾠ	 ﾠ
I	 ﾠtherefore	 ﾠelected	 ﾠto	 ﾠchange	 ﾠstrategy	 ﾠand	 ﾠinject	 ﾠthe	 ﾠhighly	 ﾠefficient	 ﾠplzfa	 ﾠ
TALENs	 ﾠinto	 ﾠthe	 ﾠplzfb	 ﾠmutant	 ﾠembryos	 ﾠin	 ﾠgenerate	 ﾠembryos	 ﾠwith	 ﾠdisrupted	 ﾠgene	 ﾠ
function	 ﾠin	 ﾠboth	 ﾠparalogues.	 ﾠ	 ﾠAt	 ﾠthe	 ﾠtime	 ﾠthe	 ﾠexperiment	 ﾠwas	 ﾠperformed,	 ﾠI	 ﾠdid	 ﾠnot	 ﾠ
yet	 ﾠhave	 ﾠthe	 ﾠadult	 ﾠhomozygous	 ﾠplzfb	 ﾠ
∆2/∆2	 ﾠmutants	 ﾠand	 ﾠI	 ﾠtherefore	 ﾠinjected	 ﾠthe	 ﾠ
TALENs	 ﾠinto	 ﾠthe	 ﾠprogeny	 ﾠof	 ﾠheterozygous	 ﾠF1	 ﾠadults	 ﾠ(Figure	 ﾠ5-ﾭ‐10d).	 ﾠ	 ﾠAnalysis	 ﾠof	 ﾠthe	 ﾠ
injected	 ﾠfish	 ﾠshows	 ﾠthat,	 ﾠas	 ﾠexpected,	 ﾠwithout	 ﾠinjection	 ﾠof	 ﾠplzfa	 ﾠTALENs	 ﾠthere	 ﾠare	 ﾠno	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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obvious	 ﾠindels	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ(green	 ﾠline	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐10e)	 ﾠbut	 ﾠupon	 ﾠinjection	 ﾠof	 ﾠthe	 ﾠ
TALENs	 ﾠindels	 ﾠare	 ﾠinduced	 ﾠ(red	 ﾠline	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐10e).	 ﾠ	 ﾠThe	 ﾠinjected	 ﾠembryos	 ﾠdid	 ﾠnot	 ﾠ
display	 ﾠany	 ﾠobvious	 ﾠmorphological	 ﾠdefects	 ﾠduring	 ﾠthe	 ﾠfirst	 ﾠ5	 ﾠdays	 ﾠof	 ﾠdevelopment.	 ﾠ
5.4  Using	 ﾠmutants	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠmorphant	 ﾠphenotype	 ﾠ
The	 ﾠloss	 ﾠof	 ﾠfunction	 ﾠresults	 ﾠthat	 ﾠI	 ﾠhave	 ﾠobtained	 ﾠfrom	 ﾠMO	 ﾠexperiments	 ﾠ
suggest	 ﾠthat	 ﾠremoving	 ﾠboth	 ﾠplzf	 ﾠparalogues	 ﾠtogether	 ﾠresults	 ﾠin	 ﾠa	 ﾠphenotype	 ﾠrelating	 ﾠ
to	 ﾠa	 ﾠdefect	 ﾠin	 ﾠprogenitor	 ﾠmaintenance.	 ﾠ	 ﾠThis	 ﾠphenotype	 ﾠis	 ﾠseen	 ﾠmost	 ﾠclearly	 ﾠwhen	 ﾠ
examining	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠ
(Figure	 ﾠ4-ﾭ‐8).	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠspecificity	 ﾠof	 ﾠthe	 ﾠMOs,	 ﾠI	 ﾠfirst	 ﾠwanted	 ﾠto	 ﾠdiscover	 ﾠ
whether	 ﾠI	 ﾠcould	 ﾠobserve	 ﾠthe	 ﾠsame	 ﾠphenotype	 ﾠwith	 ﾠthe	 ﾠTALEN-ﾭ‐injected	 ﾠmutant	 ﾠ
embryos.	 ﾠ	 ﾠ	 ﾠ
My	 ﾠexperimental	 ﾠplan,	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐11a,	 ﾠwas	 ﾠto	 ﾠcross	 ﾠthe	 ﾠplzfb	 ﾠ
heterozygous	 ﾠfish	 ﾠdescribed	 ﾠpreviously	 ﾠ(Figure	 ﾠ5-ﾭ‐9)	 ﾠto	 ﾠgenerate	 ﾠa	 ﾠmixture	 ﾠof	 ﾠwild	 ﾠ
type,	 ﾠheterozygous	 ﾠand	 ﾠhomozygous	 ﾠplzfb	 ﾠembryos.	 ﾠ	 ﾠI	 ﾠwould	 ﾠthen	 ﾠinject	 ﾠthe	 ﾠplzfa	 ﾠ
TALENs	 ﾠinto	 ﾠthese	 ﾠembryos	 ﾠand	 ﾠallow	 ﾠthem	 ﾠto	 ﾠdevelop	 ﾠuntil	 ﾠ44	 ﾠhpf	 ﾠin	 ﾠorder	 ﾠto	 ﾠ
analyse	 ﾠthe	 ﾠphenotype	 ﾠby	 ﾠIHC.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠplzfb	 ﾠgenotype	 ﾠof	 ﾠthe	 ﾠ
individual	 ﾠembryos,	 ﾠthe	 ﾠposterior	 ﾠpart	 ﾠof	 ﾠthe	 ﾠembryo	 ﾠwas	 ﾠcut	 ﾠoff	 ﾠafter	 ﾠIHC	 ﾠand	 ﾠthe	 ﾠ
gDNA	 ﾠextracted	 ﾠand	 ﾠanalysed	 ﾠby	 ﾠHRM.	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠallowed	 ﾠunambiguous	 ﾠ
assignment	 ﾠof	 ﾠgenotype;	 ﾠrepresentative	 ﾠmelt	 ﾠprofiles	 ﾠare	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐11b	 ﾠand	 ﾠ
a	 ﾠsummary	 ﾠof	 ﾠall	 ﾠof	 ﾠthe	 ﾠgenotyped	 ﾠembryos	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐11c.	 ﾠ	 ﾠ	 ﾠ
The	 ﾠanterior	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠembryos	 ﾠwas	 ﾠflat	 ﾠmounted	 ﾠand	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ
endogenous	 ﾠPlzfa	 ﾠprotein	 ﾠand	 ﾠarrangement	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠexamined.	 ﾠ	 ﾠ
Representative	 ﾠimages	 ﾠare	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐11d-ﾭ‐i.	 ﾠ	 ﾠThe	 ﾠextent	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠ
disruption	 ﾠvaried	 ﾠbetween	 ﾠembryos	 ﾠbut	 ﾠit	 ﾠwas	 ﾠpossible	 ﾠto	 ﾠfind	 ﾠplzfb	 ﾠ
∆2/+	 ﾠand	 ﾠplzfb	 ﾠ
∆2/∆2	 ﾠembryos	 ﾠthat	 ﾠhad	 ﾠnear	 ﾠcomplete	 ﾠabolishment	 ﾠof	 ﾠzfPlzfa	 ﾠantibody	 ﾠstaining	 ﾠ
(Figure	 ﾠ5-ﾭ‐11f	 ﾠ&	 ﾠh).	 ﾠ	 ﾠIn	 ﾠall	 ﾠgenotypes,	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠ
hindbrain	 ﾠwas	 ﾠindistinguishable	 ﾠfrom	 ﾠwild	 ﾠtype	 ﾠ(Figure	 ﾠ5-ﾭ‐11e,	 ﾠg,	 ﾠi	 ﾠ&	 ﾠj)	 ﾠand	 ﾠin	 ﾠno	 ﾠcases	 ﾠ
could	 ﾠI	 ﾠobserve	 ﾠa	 ﾠsimilar	 ﾠphenotype	 ﾠto	 ﾠthat	 ﾠdescribed	 ﾠby	 ﾠusing	 ﾠMOs	 ﾠand	 ﾠshown	 ﾠin	 ﾠ
Figure	 ﾠ4-ﾭ‐8.	 ﾠ	 ﾠI	 ﾠalso	 ﾠexamined	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠglial	 ﾠfibres	 ﾠin	 ﾠthe	 ﾠembryos	 ﾠand	 ﾠsaw	 ﾠno	 ﾠ
differences	 ﾠ(data	 ﾠnot	 ﾠshown).	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Figure	 ﾠ5-ﾭ‐10:	 ﾠGenerating	 ﾠdouble	 ﾠmutant	 ﾠplzfa	 ﾠ&	 ﾠplzfb	 ﾠzebrafish	 ﾠ
a:	 ﾠWild	 ﾠtype	 ﾠembryos	 ﾠwere	 ﾠinjected	 ﾠwith	 ﾠRNA	 ﾠencoding	 ﾠthe	 ﾠTALEN	 ﾠpairs	 ﾠtargeting	 ﾠ
plzfa	 ﾠand	 ﾠplzfb.	 ﾠ	 ﾠ50	 ﾠpg	 ﾠof	 ﾠeach	 ﾠarray	 ﾠ(400	 ﾠpg	 ﾠtotal	 ﾠRNA)	 ﾠwas	 ﾠinjected.	 ﾠ
b	 ﾠ&	 ﾠc:	 ﾠThe	 ﾠsurviving	 ﾠembryos	 ﾠwere	 ﾠanalysed	 ﾠat	 ﾠ3	 ﾠdpf	 ﾠby	 ﾠHRM	 ﾠanalysis.	 ﾠ	 ﾠInjected	 ﾠ
embryos	 ﾠwere	 ﾠfound	 ﾠto	 ﾠcontain	 ﾠindels	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ(b)	 ﾠand	 ﾠthe	 ﾠplzfb	 ﾠlocus	 ﾠ(c).	 ﾠ	 ﾠ
These	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠinjecting	 ﾠthe	 ﾠtwo	 ﾠpairs	 ﾠof	 ﾠTALENs	 ﾠcan	 ﾠsuccessfully	 ﾠinduce	 ﾠ
mutations	 ﾠat	 ﾠboth	 ﾠtheir	 ﾠtarget	 ﾠgenes.	 ﾠ
d:	 ﾠplzfb	 ﾠTALEN	 ﾠF1	 ﾠheterozygotes	 ﾠpreviously	 ﾠidentified	 ﾠ(Figure	 ﾠ5-ﾭ‐9)	 ﾠwere	 ﾠcrossed	 ﾠto	 ﾠ
produce	 ﾠa	 ﾠmixture	 ﾠof	 ﾠplzfb	 ﾠgenotypes	 ﾠand	 ﾠplzfa	 ﾠTALENs	 ﾠwere	 ﾠinjected.	 ﾠ
e:	 ﾠMelt	 ﾠprofiles	 ﾠfor	 ﾠplzfb	 ﾠ
+/+	 ﾠuninjected	 ﾠembryos	 ﾠ(black),	 ﾠplzfb	 ﾠ
∆2/∆2	 ﾠuninjected	 ﾠ
embryos	 ﾠ(green),	 ﾠand	 ﾠplzfb	 ﾠ
∆2/∆2	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠ(red).	 ﾠ	 ﾠ
Deviations	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠprofiles	 ﾠcan	 ﾠbe	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠinjected	 ﾠprofiles,	 ﾠ
indicating	 ﾠindels	 ﾠare	 ﾠpresent.	 ﾠ	 ﾠplzfb	 ﾠgenotypes	 ﾠwere	 ﾠidentified	 ﾠby	 ﾠHRM	 ﾠas	 ﾠin	 ﾠFigure	 ﾠ
5-ﾭ‐9f	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ
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Figure	 ﾠ5-ﾭ‐10	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I	 ﾠcarried	 ﾠout	 ﾠsimilar	 ﾠexperiments	 ﾠby	 ﾠcrossing	 ﾠplzfa
	 ﾠ-ﾭ‐/-ﾭ‐	 ﾠadult	 ﾠfish	 ﾠand	 ﾠinjecting	 ﾠplzfb	 ﾠ
TALENs	 ﾠinto	 ﾠthe	 ﾠresulting	 ﾠembryos.	 ﾠ	 ﾠAs	 ﾠdescribed,	 ﾠI	 ﾠhave	 ﾠno	 ﾠclear	 ﾠmethod	 ﾠof	 ﾠ
assessing	 ﾠhow	 ﾠmuch	 ﾠPlzfb	 ﾠprotein	 ﾠhas	 ﾠbeen	 ﾠaffected	 ﾠin	 ﾠthe	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠ
therefore	 ﾠanalysed	 ﾠembryos	 ﾠthat	 ﾠhad	 ﾠa	 ﾠhigh	 ﾠamount	 ﾠof	 ﾠH2B-ﾭ‐RFP	 ﾠpresent	 ﾠ(Figure	 ﾠ
5-ﾭ‐11k	 ﾠ&m).	 ﾠ	 ﾠInjecting	 ﾠeither	 ﾠplzfa
	 ﾠ+/-ﾭ‐	 ﾠor	 ﾠplzfa
	 ﾠ-ﾭ‐/-ﾭ‐	 ﾠwith	 ﾠplzfb	 ﾠTALENs	 ﾠshowed	 ﾠno	 ﾠ
disruption	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠhindbrain	 ﾠ(Figure	 ﾠ5-ﾭ‐11l	 ﾠ&n).	 ﾠ
The	 ﾠabove	 ﾠresults	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠTALEN-ﾭ‐injected	 ﾠembryos	 ﾠdo	 ﾠnot	 ﾠgive	 ﾠthe	 ﾠ
same	 ﾠphenotype	 ﾠobserved	 ﾠwhen	 ﾠusing	 ﾠMOs.	 ﾠ	 ﾠA	 ﾠpossible	 ﾠexplanation	 ﾠfor	 ﾠthis	 ﾠresult	 ﾠis	 ﾠ
that	 ﾠthere	 ﾠis	 ﾠmaternal	 ﾠRNA	 ﾠcontribution	 ﾠof	 ﾠeither	 ﾠof	 ﾠthe	 ﾠplzf	 ﾠparalogues	 ﾠthat,	 ﾠbeing	 ﾠ
unaffected	 ﾠby	 ﾠthe	 ﾠinjection	 ﾠof	 ﾠTALENs,	 ﾠcould	 ﾠcompensate	 ﾠfor	 ﾠthe	 ﾠloss	 ﾠof	 ﾠzygotic	 ﾠPlzf	 ﾠ
production.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠaccount	 ﾠfor	 ﾠthis	 ﾠI	 ﾠcrossed	 ﾠthe	 ﾠadult	 ﾠfish	 ﾠthat	 ﾠare	 ﾠplzfa	 ﾠ
homozygous	 ﾠmutant	 ﾠin	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠembryos	 ﾠwith	 ﾠneither	 ﾠmaternal	 ﾠnor	 ﾠzygotic	 ﾠ
functional	 ﾠPlzfa	 ﾠprotein.	 ﾠ	 ﾠTo	 ﾠremove	 ﾠany	 ﾠPlzfb	 ﾠfunction,	 ﾠI	 ﾠinjected	 ﾠthe	 ﾠplzfb	 ﾠMO	 ﾠthat	 ﾠ
were	 ﾠused	 ﾠpreviously,	 ﾠtogether	 ﾠwith	 ﾠtp53	 ﾠMO	 ﾠin	 ﾠorder	 ﾠto	 ﾠblock	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠ
caused	 ﾠby	 ﾠMO	 ﾠusage	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ
The	 ﾠexperimental	 ﾠplan	 ﾠfor	 ﾠdoing	 ﾠthis	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐12a.	 ﾠ	 ﾠEmbryos	 ﾠwere	 ﾠ
analysed	 ﾠfor	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠand	 ﾠthe	 ﾠorganisation	 ﾠof	 ﾠdifferentiated	 ﾠ
neurons.	 ﾠ	 ﾠInjecting	 ﾠthe	 ﾠplzfb	 ﾠMO	 ﾠinto	 ﾠeither	 ﾠplzfa
	 ﾠ+/-ﾭ‐	 ﾠor	 ﾠplzfa
	 ﾠ-ﾭ‐/-ﾭ‐	 ﾠembryos	 ﾠresulted	 ﾠin	 ﾠno	 ﾠ
obvious	 ﾠphenotype	 ﾠrelating	 ﾠto	 ﾠa	 ﾠdefect	 ﾠin	 ﾠprogenitor	 ﾠmaintenance	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠ(Figure	 ﾠ
5-ﾭ‐12e	 ﾠ&	 ﾠi	 ﾠrespectively).	 ﾠ
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Figure	 ﾠ5-ﾭ‐11:	 ﾠFunctional	 ﾠanalysis	 ﾠby	 ﾠinjecting	 ﾠTALENs	 ﾠinto	 ﾠmutant	 ﾠembryos	 ﾠ	 ﾠ
a:	 ﾠExperimental	 ﾠparadigm	 ﾠfor	 ﾠanalysing	 ﾠphenotype	 ﾠand	 ﾠgenotype	 ﾠin	 ﾠmutant	 ﾠembryos.	 ﾠ
plzfb	 ﾠmutant	 ﾠgenotypes	 ﾠwere	 ﾠgenerated	 ﾠby	 ﾠcrossing	 ﾠtwo	 ﾠheterozygous	 ﾠadults.	 ﾠ	 ﾠThe	 ﾠ
plzfa	 ﾠTALENs	 ﾠ(100	 ﾠpg	 ﾠeach	 ﾠarray)	 ﾠwere	 ﾠinjected	 ﾠinto	 ﾠthese	 ﾠembryos	 ﾠand	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠthe	 ﾠ
embryos	 ﾠwere	 ﾠfixed	 ﾠand	 ﾠkept	 ﾠseparate	 ﾠfor	 ﾠanalysis.	 ﾠ	 ﾠThe	 ﾠanterior	 ﾠhalf	 ﾠof	 ﾠeach	 ﾠembryo	 ﾠ
was	 ﾠseparated	 ﾠand	 ﾠused	 ﾠto	 ﾠexamine	 ﾠthe	 ﾠphenotype	 ﾠby	 ﾠIHC	 ﾠ(d-ﾭ‐j)	 ﾠwhilst	 ﾠthe	 ﾠposterior	 ﾠ
was	 ﾠused	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠgenotype	 ﾠby	 ﾠgDNA	 ﾠextraction	 ﾠfollowed	 ﾠby	 ﾠHRM	 ﾠanalysis	 ﾠ
(b	 ﾠ&	 ﾠc).	 ﾠ	 ﾠ
b:	 ﾠHRM	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠat	 ﾠthe	 ﾠplzfb	 ﾠtarget	 ﾠsite.	 ﾠ	 ﾠMatching	 ﾠthe	 ﾠmelt	 ﾠprofiles	 ﾠwith	 ﾠ
previously	 ﾠgenotypes	 ﾠsamples	 ﾠidentified	 ﾠwild	 ﾠtypes,	 ﾠheterozygotes	 ﾠand	 ﾠ
homozygotes.	 ﾠ	 ﾠRepresentative	 ﾠsamples	 ﾠare	 ﾠshown,	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠembryo	 ﾠlabel.	 ﾠ
c:	 ﾠSummary	 ﾠof	 ﾠthe	 ﾠplzfb	 ﾠgenotypes	 ﾠobtained	 ﾠwithin	 ﾠthe	 ﾠanalysed	 ﾠclutch.	 ﾠ
d-ﾭ‐i:	 ﾠPhenotypic	 ﾠanalysis	 ﾠof	 ﾠinjected	 ﾠembryos	 ﾠby	 ﾠIHC.	 ﾠ	 ﾠDorsal	 ﾠviews	 ﾠof	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠ
hindbrain	 ﾠof	 ﾠembryos	 ﾠfrom	 ﾠthe	 ﾠ3	 ﾠdifferent	 ﾠgenotypes	 ﾠare	 ﾠshown.	 ﾠ	 ﾠIn	 ﾠeach	 ﾠembryo	 ﾠ
injection	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠhas	 ﾠsignificantly	 ﾠreduced	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcells	 ﾠexpressing	 ﾠ
Plzfa	 ﾠprotein	 ﾠ(d,f	 ﾠ&	 ﾠh).	 ﾠ	 ﾠThe	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠ(HuC/D)	 ﾠwas	 ﾠ
indistinguishable	 ﾠfrom	 ﾠwild	 ﾠtype	 ﾠin	 ﾠany	 ﾠof	 ﾠthe	 ﾠexamined	 ﾠembryos	 ﾠ(e,	 ﾠg	 ﾠ&	 ﾠi).	 ﾠ
j:	 ﾠAn	 ﾠexample	 ﾠuninjected	 ﾠwild	 ﾠtype	 ﾠembryo	 ﾠshowing	 ﾠthe	 ﾠstereotypical	 ﾠpattern	 ﾠof	 ﾠ
differentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠzebrafish	 ﾠhindbrain.	 ﾠ
k-ﾭ‐n:	 ﾠplzfa
	 ﾠ-ﾭ‐/-ﾭ‐	 ﾠmutant	 ﾠfish	 ﾠwere	 ﾠoutcrossed	 ﾠto	 ﾠgenerate	 ﾠheterozygote	 ﾠembryos	 ﾠ(k	 ﾠ&	 ﾠl)	 ﾠ
or	 ﾠincrossed	 ﾠto	 ﾠgenerate	 ﾠhomozygotes	 ﾠ(m	 ﾠ&	 ﾠn).	 ﾠ	 ﾠ300	 ﾠpg	 ﾠof	 ﾠeach	 ﾠplzfb	 ﾠTALEN	 ﾠarray	 ﾠ
was	 ﾠinjected	 ﾠinto	 ﾠthese	 ﾠembryos	 ﾠalong	 ﾠwith	 ﾠH2B-ﾭ‐RFP.	 ﾠ	 ﾠEmbryos	 ﾠwith	 ﾠhigh	 ﾠnumbers	 ﾠof	 ﾠ
RFP	 ﾠpositive	 ﾠcells	 ﾠwere	 ﾠanalysed	 ﾠby	 ﾠIHC.	 ﾠ	 ﾠIn	 ﾠall	 ﾠcases,	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠ
neurons	 ﾠwas	 ﾠunaffected	 ﾠ(l	 ﾠ&	 ﾠn).	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
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Figure	 ﾠ5-ﾭ‐11	 ﾠ
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Figure	 ﾠ5-ﾭ‐12:	 ﾠFunctional	 ﾠanalysis	 ﾠby	 ﾠinjecting	 ﾠplzfb	 ﾠMOs	 ﾠinto	 ﾠplzfa	 ﾠmutant	 ﾠ
embryos	 ﾠ	 ﾠ
a:	 ﾠEmbryos	 ﾠheterozygous	 ﾠor	 ﾠhomozygous	 ﾠfor	 ﾠplzfa	 ﾠwere	 ﾠproduced	 ﾠas	 ﾠshown.	 ﾠ	 ﾠ7.5	 ﾠng	 ﾠ
Control	 ﾠor	 ﾠplzfb	 ﾠMOs	 ﾠwere	 ﾠinjected	 ﾠinto	 ﾠthe	 ﾠembryos	 ﾠalong	 ﾠwith	 ﾠ7.5	 ﾠng	 ﾠtp53	 ﾠMOs	 ﾠ
and	 ﾠdevelopment	 ﾠproceeded	 ﾠas	 ﾠnormal	 ﾠuntil	 ﾠ44	 ﾠhpf	 ﾠwhen	 ﾠthe	 ﾠembryos’	 ﾠphenotype	 ﾠ
was	 ﾠanalysed	 ﾠby	 ﾠIHC.	 ﾠ
b-ﾭ‐i:	 ﾠPhenotypic	 ﾠanalysis	 ﾠof	 ﾠMO	 ﾠinjected	 ﾠmutants.	 ﾠ	 ﾠControl	 ﾠMO	 ﾠor	 ﾠplzfb	 ﾠMO	 ﾠinjected	 ﾠ
plzfa	 ﾠheterozygotes	 ﾠshow	 ﾠwild	 ﾠtype	 ﾠlevels	 ﾠof	 ﾠPlzfa	 ﾠ(b	 ﾠand	 ﾠd),	 ﾠwhilst	 ﾠplzfa	 ﾠ
homozygotes	 ﾠshow	 ﾠcomplete	 ﾠabloshment	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠ(f	 ﾠand	 ﾠh).	 ﾠ	 ﾠNo	 ﾠobvious	 ﾠ
phenotype	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠany	 ﾠof	 ﾠthe	 ﾠanalysed	 ﾠembryos	 ﾠ(c,e,g	 ﾠ&	 ﾠi).	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
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Figure	 ﾠ5-ﾭ‐12	 ﾠ
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5.5  Discussion	 ﾠ
TALEN	 ﾠefficiency,	 ﾠspecificity	 ﾠand	 ﾠscreening	 ﾠ
The	 ﾠTALEN	 ﾠdesign	 ﾠparameters	 ﾠdescribed	 ﾠby	 ﾠDahlem	 ﾠet	 ﾠal.	 ﾠ(2012)	 ﾠand	 ﾠshown	 ﾠ
in	 ﾠFigure	 ﾠ5-ﾭ‐1c	 ﾠproved	 ﾠto	 ﾠbe	 ﾠvery	 ﾠeffective	 ﾠat	 ﾠproducing	 ﾠTALEN	 ﾠpairs	 ﾠthat	 ﾠsuccessfully	 ﾠ
target	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠAs	 ﾠwell	 ﾠas	 ﾠthe	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠTALENs	 ﾠdescribed,	 ﾠI	 ﾠdesigned	 ﾠand	 ﾠ
injected	 ﾠTALENs	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠtwo	 ﾠgenes	 ﾠassociated	 ﾠwith	 ﾠPlzf	 ﾠfunction.	 ﾠ	 ﾠThese	 ﾠare	 ﾠ
redd1	 ﾠand	 ﾠbtbd6a,	 ﾠand	 ﾠHRM	 ﾠanalysis	 ﾠshowed	 ﾠthe	 ﾠdesigned	 ﾠTALENs	 ﾠare	 ﾠable	 ﾠto	 ﾠinduce	 ﾠ
mutations	 ﾠat	 ﾠtheir	 ﾠtarget	 ﾠlocations	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐5).	 ﾠ	 ﾠIn	 ﾠtotal,	 ﾠI	 ﾠgenerated	 ﾠfive	 ﾠ
different	 ﾠTALEN	 ﾠpairs	 ﾠand	 ﾠfound	 ﾠevidence	 ﾠthat	 ﾠfour	 ﾠof	 ﾠthem	 ﾠwere	 ﾠable	 ﾠto	 ﾠinduce	 ﾠ
indels	 ﾠat	 ﾠthe	 ﾠtarget	 ﾠsite,	 ﾠnot	 ﾠincluding	 ﾠthe	 ﾠpreviously	 ﾠpublished	 ﾠgolden	 ﾠTALENs.	 ﾠ	 ﾠThe	 ﾠ
short	 ﾠturnaround	 ﾠfrom	 ﾠTALEN	 ﾠdesign	 ﾠto	 ﾠgeneration	 ﾠof	 ﾠcapped	 ﾠmRNA	 ﾠready	 ﾠto	 ﾠinject	 ﾠ
of	 ﾠjust	 ﾠsix	 ﾠdays	 ﾠ(Cermak	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠDahlem	 ﾠet	 ﾠal.,	 ﾠ2012)	 ﾠmeans	 ﾠthat	 ﾠit	 ﾠwas	 ﾠvery	 ﾠ
simple	 ﾠto	 ﾠretarget	 ﾠthe	 ﾠgene	 ﾠfor	 ﾠwhich	 ﾠI	 ﾠwas	 ﾠinitially	 ﾠunsuccessful	 ﾠ(plzfb,	 ﾠdata	 ﾠnot	 ﾠ
shown).	 ﾠ	 ﾠ	 ﾠ
Whilst	 ﾠthis	 ﾠproject	 ﾠwas	 ﾠunderway,	 ﾠCRISPR	 ﾠ/	 ﾠCas9	 ﾠtechnology	 ﾠfor	 ﾠtargeting	 ﾠ
genes	 ﾠwas	 ﾠdeveloped	 ﾠ(Jinek	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠHwang	 ﾠet	 ﾠal.,	 ﾠ2013b).	 ﾠ	 ﾠRather	 ﾠthan	 ﾠrequiring	 ﾠ
large	 ﾠcustom	 ﾠproteins	 ﾠto	 ﾠbe	 ﾠbuilt	 ﾠas	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠTALENs,	 ﾠCRISPR	 ﾠrelies	 ﾠon	 ﾠthe	 ﾠ
design	 ﾠof	 ﾠa	 ﾠsingle	 ﾠsynthetic	 ﾠRNA	 ﾠmolecule	 ﾠ(guide	 ﾠRNA)	 ﾠto	 ﾠdirect	 ﾠthe	 ﾠCas9	 ﾠnuclease	 ﾠto	 ﾠ
its	 ﾠtarget	 ﾠsite.	 ﾠ	 ﾠThis	 ﾠtechnique	 ﾠtherefore	 ﾠhas	 ﾠadvantages	 ﾠover	 ﾠTALEN	 ﾠusage	 ﾠin	 ﾠthe	 ﾠ
speed	 ﾠof	 ﾠconstruction	 ﾠand	 ﾠby	 ﾠusing	 ﾠmultiple	 ﾠdifferent	 ﾠguide	 ﾠRNAs	 ﾠis	 ﾠcapable	 ﾠof	 ﾠ
targeting	 ﾠseveral	 ﾠgenes	 ﾠin	 ﾠthe	 ﾠsame	 ﾠcell	 ﾠusing	 ﾠthe	 ﾠsame	 ﾠCas9	 ﾠnuclease	 ﾠ(Cong	 ﾠet	 ﾠal.,	 ﾠ
2013).	 ﾠ	 ﾠCRIPSPR	 ﾠtechnology	 ﾠhas	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠhave	 ﾠsimilar	 ﾠefficiencies	 ﾠas	 ﾠTALENs	 ﾠat	 ﾠ
inducing	 ﾠmutations	 ﾠ(Ding	 ﾠet	 ﾠal.,	 ﾠ2013,	 ﾠHwang	 ﾠet	 ﾠal.,	 ﾠ2013b)	 ﾠ(&	 ﾠunpublished	 ﾠdata,	 ﾠ
Wilkinson	 ﾠlab)	 ﾠand	 ﾠalthough	 ﾠthere	 ﾠhas	 ﾠbeen	 ﾠsome	 ﾠconcern	 ﾠover	 ﾠtheir	 ﾠspecificity	 ﾠ(Fu	 ﾠ
et	 ﾠal.,	 ﾠ2013),	 ﾠthe	 ﾠtechnology	 ﾠis	 ﾠprogressing	 ﾠat	 ﾠan	 ﾠincredible	 ﾠrate	 ﾠand	 ﾠimprovements	 ﾠ
that	 ﾠaddress	 ﾠthese	 ﾠconcerns	 ﾠare	 ﾠbeing	 ﾠdeveloped	 ﾠ(Ran	 ﾠet	 ﾠal.,	 ﾠ2013,	 ﾠFu	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠ
The	 ﾠcombined	 ﾠefficiency	 ﾠand	 ﾠease	 ﾠof	 ﾠuse	 ﾠof	 ﾠCRISPR	 ﾠsuggests	 ﾠthat	 ﾠit	 ﾠwill,	 ﾠif	 ﾠit	 ﾠhasn’t	 ﾠ
already,	 ﾠovertake	 ﾠTALENs	 ﾠas	 ﾠthe	 ﾠmethod	 ﾠof	 ﾠchoice	 ﾠfor	 ﾠgenome	 ﾠtargeting.	 ﾠ	 ﾠ	 ﾠ
My	 ﾠresults	 ﾠhave	 ﾠshown	 ﾠthe	 ﾠbenefits	 ﾠof	 ﾠinjecting	 ﾠRNA	 ﾠencoding	 ﾠa	 ﾠfluorescent	 ﾠ
protein,	 ﾠin	 ﾠthis	 ﾠcase	 ﾠH2B-ﾭ‐RFP,	 ﾠwhich	 ﾠcan	 ﾠbe	 ﾠused	 ﾠas	 ﾠan	 ﾠinitial	 ﾠscreening	 ﾠmethod	 ﾠfor	 ﾠ
selected	 ﾠembryos	 ﾠwith	 ﾠmaximum	 ﾠTALEN	 ﾠactivity.	 ﾠ	 ﾠI	 ﾠbuild	 ﾠon	 ﾠprevious	 ﾠdata	 ﾠthat	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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suggests	 ﾠHRM	 ﾠanalysis	 ﾠis	 ﾠa	 ﾠsimple	 ﾠand	 ﾠreliable	 ﾠmethod	 ﾠfor	 ﾠscreening	 ﾠfor	 ﾠinduced	 ﾠ
mutations	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠI	 ﾠshow	 ﾠthat	 ﾠit	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠdetect	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ
indels	 ﾠin	 ﾠthe	 ﾠtargeted	 ﾠlocus	 ﾠof	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠalso	 ﾠto	 ﾠidentify	 ﾠheterozygous	 ﾠ
and	 ﾠhomozygous	 ﾠprogeny.	 ﾠ	 ﾠIt	 ﾠis	 ﾠparticularly	 ﾠuseful	 ﾠonce	 ﾠwild	 ﾠtype,	 ﾠheterozygous	 ﾠand	 ﾠ
homozygous	 ﾠsamples	 ﾠhave	 ﾠbeen	 ﾠidentified,	 ﾠas	 ﾠwas	 ﾠthe	 ﾠcase	 ﾠfor	 ﾠthe	 ﾠplzfb	 ﾠF2	 ﾠembryos.	 ﾠ	 ﾠ
By	 ﾠincluding	 ﾠthese	 ﾠcontrols	 ﾠinto	 ﾠeach	 ﾠanalysis,	 ﾠthe	 ﾠHRM	 ﾠsoftware	 ﾠis	 ﾠable	 ﾠto	 ﾠidentify	 ﾠ
which	 ﾠof	 ﾠthe	 ﾠthree	 ﾠgenotypes	 ﾠeach	 ﾠunknown	 ﾠsample	 ﾠbelongs	 ﾠto	 ﾠwithout	 ﾠuser	 ﾠinput.	 ﾠ	 ﾠ
Drawbacks	 ﾠof	 ﾠHRM	 ﾠare	 ﾠthat	 ﾠit	 ﾠdoesn’t	 ﾠprovide	 ﾠquantitative	 ﾠinformation	 ﾠregarding	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠcells	 ﾠthat	 ﾠhave	 ﾠbeen	 ﾠaffected,	 ﾠnor	 ﾠcan	 ﾠit	 ﾠtell	 ﾠus	 ﾠexactly	 ﾠwhat	 ﾠthe	 ﾠnature	 ﾠof	 ﾠ
the	 ﾠindels	 ﾠare.	 ﾠ
Having	 ﾠa	 ﾠsecond	 ﾠassay	 ﾠto	 ﾠvalidate	 ﾠmy	 ﾠHRM	 ﾠscreening	 ﾠresults,	 ﾠsuch	 ﾠas	 ﾠ
phenotypic	 ﾠor	 ﾠRFLP	 ﾠanalysis	 ﾠproved	 ﾠuseful	 ﾠto	 ﾠconfirm	 ﾠmy	 ﾠgenotyping.	 ﾠ	 ﾠThe	 ﾠ
genotyping	 ﾠprocess	 ﾠwas	 ﾠmore	 ﾠtime-ﾭ‐consuming	 ﾠthat	 ﾠI	 ﾠexpected,	 ﾠespecially	 ﾠfor	 ﾠthe	 ﾠ
plzfb	 ﾠmutations	 ﾠthat	 ﾠwere	 ﾠtransmitted	 ﾠto	 ﾠtheir	 ﾠprogeny	 ﾠat	 ﾠless	 ﾠthan	 ﾠ100%	 ﾠefficiency.	 ﾠ	 ﾠ
As	 ﾠit	 ﾠseems	 ﾠlikely	 ﾠthat	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠtargetable	 ﾠnuclease	 ﾠtechnology	 ﾠwill	 ﾠwork	 ﾠat	 ﾠ
efficiencies	 ﾠless	 ﾠthan	 ﾠ100%,	 ﾠthese	 ﾠresults	 ﾠshow	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠcorrectly	 ﾠ
genotyping.	 ﾠ	 ﾠHad	 ﾠI	 ﾠspent	 ﾠmore	 ﾠtime	 ﾠto	 ﾠensure	 ﾠthat	 ﾠthe	 ﾠplzfb	 ﾠF1	 ﾠembryos	 ﾠtested	 ﾠin	 ﾠ
Figure	 ﾠ5-ﾭ‐9a	 ﾠcontained	 ﾠmutations	 ﾠin	 ﾠboth	 ﾠalleles	 ﾠthen	 ﾠI	 ﾠwould	 ﾠhave	 ﾠobtained	 ﾠ
homozygous	 ﾠmutant	 ﾠfish	 ﾠa	 ﾠgeneration	 ﾠ(~	 ﾠ3	 ﾠmonths)	 ﾠsooner	 ﾠthan	 ﾠI	 ﾠdid.	 ﾠ
It	 ﾠis	 ﾠnot	 ﾠclear	 ﾠwhy	 ﾠthe	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠTALENs	 ﾠfunction	 ﾠat	 ﾠdifferent	 ﾠefficiencies	 ﾠ
(98%	 ﾠand	 ﾠ37%	 ﾠgermline	 ﾠtransmission	 ﾠrespectively).	 ﾠ	 ﾠAs	 ﾠboth	 ﾠTALENs	 ﾠare	 ﾠdelivered	 ﾠ
into	 ﾠthe	 ﾠembryos	 ﾠby	 ﾠthe	 ﾠsame	 ﾠmethod,	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠefficiency	 ﾠlikely	 ﾠarise	 ﾠfrom	 ﾠ
differences	 ﾠin	 ﾠthe	 ﾠability	 ﾠof	 ﾠthe	 ﾠTALE	 ﾠDNA	 ﾠbinding	 ﾠdomains	 ﾠto	 ﾠtarget	 ﾠtheir	 ﾠrespective	 ﾠ
DNA	 ﾠsequences.	 ﾠ	 ﾠA	 ﾠpotential	 ﾠexplanation	 ﾠfor	 ﾠwhy	 ﾠthere	 ﾠare	 ﾠdifferences	 ﾠin	 ﾠefficiencies	 ﾠ
is	 ﾠthat	 ﾠthere	 ﾠare	 ﾠdifferences	 ﾠin	 ﾠaccessibility	 ﾠof	 ﾠthe	 ﾠDNA	 ﾠdue	 ﾠto	 ﾠepigenetic	 ﾠ
modifications,	 ﾠwhich	 ﾠare	 ﾠknown	 ﾠto	 ﾠaffect	 ﾠTALE	 ﾠbinding	 ﾠ(Bultmann	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ
Recent	 ﾠwork	 ﾠhas	 ﾠgenerated	 ﾠalgorithms	 ﾠthat	 ﾠpredict	 ﾠwhich	 ﾠTALEN	 ﾠpairs	 ﾠwill	 ﾠhave	 ﾠa	 ﾠ
high	 ﾠactivity	 ﾠ(Lin	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠIn	 ﾠsome	 ﾠcases	 ﾠit	 ﾠis	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠbeneficial	 ﾠto	 ﾠdecrease	 ﾠ
the	 ﾠefficiency	 ﾠof	 ﾠmutations	 ﾠinduced,	 ﾠfor	 ﾠinstance	 ﾠif	 ﾠthe	 ﾠgene	 ﾠknockout	 ﾠis	 ﾠembryonic	 ﾠ
lethal.	 ﾠ	 ﾠThe	 ﾠresults	 ﾠfor	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠ(Figure	 ﾠ5-ﾭ‐6c)	 ﾠdemonstrate	 ﾠthat	 ﾠTALEN	 ﾠ
efficiency	 ﾠcan	 ﾠbe	 ﾠtitrated	 ﾠby	 ﾠaltering	 ﾠthe	 ﾠamount	 ﾠof	 ﾠRNA	 ﾠinjected.	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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Previously	 ﾠpublished	 ﾠdata	 ﾠhas	 ﾠdemonstrated	 ﾠthat	 ﾠTALENs	 ﾠare	 ﾠable	 ﾠto	 ﾠinduce	 ﾠ
mutations	 ﾠat	 ﾠoff-ﾭ‐target	 ﾠsites	 ﾠcontaining	 ﾠa	 ﾠhigh	 ﾠdegree	 ﾠof	 ﾠhomology	 ﾠto	 ﾠthe	 ﾠtarget	 ﾠ
sequence	 ﾠ(Dahlem	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠGuilinger	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠMy	 ﾠanalysis	 ﾠshows	 ﾠthat	 ﾠ
neither	 ﾠthe	 ﾠplzfa	 ﾠnor	 ﾠplzfb	 ﾠTALENs	 ﾠproduce	 ﾠmutations	 ﾠdetectable	 ﾠby	 ﾠHRM	 ﾠat	 ﾠtheir	 ﾠ
homologous	 ﾠoff-ﾭ‐target	 ﾠlocus.	 ﾠ	 ﾠA	 ﾠgenome	 ﾠduplication	 ﾠevent	 ﾠwithin	 ﾠthe	 ﾠevolutionary	 ﾠ
history	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠ(Postlethwait	 ﾠet	 ﾠal.,	 ﾠ1998)	 ﾠmeans	 ﾠthat	 ﾠmany	 ﾠgenes	 ﾠcontain	 ﾠ
paralogues	 ﾠwith	 ﾠhigh	 ﾠsequence	 ﾠidentity	 ﾠand	 ﾠtherefore	 ﾠit	 ﾠis	 ﾠimportant	 ﾠto	 ﾠconfirm	 ﾠ
whether	 ﾠTALENs	 ﾠare	 ﾠable	 ﾠto	 ﾠtarget	 ﾠboth	 ﾠparalogues	 ﾠin	 ﾠthis	 ﾠorganism.	 ﾠ	 ﾠIt	 ﾠremains	 ﾠ
unknown	 ﾠwhether	 ﾠTALENs	 ﾠare	 ﾠable	 ﾠto	 ﾠinduce	 ﾠother	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠthat	 ﾠaren’t	 ﾠ
related	 ﾠto	 ﾠsequence	 ﾠhomology,	 ﾠsuch	 ﾠas	 ﾠis	 ﾠthe	 ﾠcase	 ﾠwith	 ﾠMOs.	 ﾠ	 ﾠSome	 ﾠcare	 ﾠmust	 ﾠ
therefore	 ﾠbe	 ﾠtaken	 ﾠwhen	 ﾠinterpreting	 ﾠresults	 ﾠfrom	 ﾠgenerated	 ﾠmutants	 ﾠbefore	 ﾠthey	 ﾠ
have	 ﾠbeen	 ﾠoutcrossed	 ﾠto	 ﾠwild	 ﾠtype	 ﾠzebrafish	 ﾠfor	 ﾠseveral	 ﾠgenerations.	 ﾠ	 ﾠGenerating	 ﾠ
embryos	 ﾠthat	 ﾠcarry	 ﾠtwo	 ﾠdifferent	 ﾠmutated	 ﾠalleles	 ﾠfor	 ﾠthe	 ﾠsame	 ﾠgene	 ﾠ
(transheterozygotes)	 ﾠcould	 ﾠbe	 ﾠuseful	 ﾠfor	 ﾠdistinguishing	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠfrom	 ﾠeffects	 ﾠ
relating	 ﾠto	 ﾠthe	 ﾠloss	 ﾠof	 ﾠprotein	 ﾠfunction.	 ﾠ
Mutants	 ﾠversus	 ﾠMOs	 ﾠ
The	 ﾠinitial	 ﾠaim	 ﾠof	 ﾠgenerating	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠprotein-ﾭ‐coding	 ﾠregion	 ﾠof	 ﾠplzfa	 ﾠ
and	 ﾠplzfb	 ﾠwas	 ﾠto	 ﾠconfirm	 ﾠthe	 ﾠmorphant	 ﾠphenotype	 ﾠdescribed	 ﾠin	 ﾠthe	 ﾠprevious	 ﾠ
chapter.	 ﾠ	 ﾠUnfortunately,	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠobserve	 ﾠthe	 ﾠsame	 ﾠdefect	 ﾠin	 ﾠprogenitor	 ﾠ
maintenance	 ﾠin	 ﾠTALEN-ﾭ‐injected	 ﾠembryos	 ﾠthat	 ﾠI	 ﾠdescribed	 ﾠfor	 ﾠthe	 ﾠdouble	 ﾠmorphants.	 ﾠ	 ﾠ
The	 ﾠfact	 ﾠthat	 ﾠthe	 ﾠtwo	 ﾠresults	 ﾠdon’t	 ﾠcorrelate,	 ﾠsuggests	 ﾠone	 ﾠof	 ﾠtwo	 ﾠpossibilities.	 ﾠ	 ﾠFirst,	 ﾠ
it	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠmorphant	 ﾠphenotype	 ﾠis	 ﾠreflective	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠand	 ﾠabsence	 ﾠ
of	 ﾠphenotype	 ﾠin	 ﾠthe	 ﾠmutant	 ﾠis	 ﾠbecause	 ﾠthe	 ﾠmutations	 ﾠinduced	 ﾠdon’t	 ﾠabolish	 ﾠprotein	 ﾠ
function.	 ﾠ	 ﾠThe	 ﾠsecond	 ﾠpossibility	 ﾠis	 ﾠthat	 ﾠoff-ﾭ‐target	 ﾠeffects,	 ﾠunrelated	 ﾠto	 ﾠPlzf	 ﾠfunction,	 ﾠ
cause	 ﾠthe	 ﾠobserved	 ﾠmorphant	 ﾠphenotype.	 ﾠ	 ﾠ	 ﾠ
Could	 ﾠthe	 ﾠmutants	 ﾠstill	 ﾠproduce	 ﾠfunctional	 ﾠprotein?	 ﾠ
I	 ﾠshall	 ﾠbegin	 ﾠby	 ﾠdiscussing	 ﾠthe	 ﾠpossibility	 ﾠthat	 ﾠthe	 ﾠmutants	 ﾠgenerated	 ﾠare	 ﾠnot	 ﾠ
disrupting	 ﾠPlzf	 ﾠfunction.	 ﾠ	 ﾠI	 ﾠtargeted	 ﾠa	 ﾠregion	 ﾠupstream	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠ
and	 ﾠplzfb	 ﾠgenes	 ﾠwith	 ﾠthe	 ﾠTALENs	 ﾠin	 ﾠorder	 ﾠto	 ﾠgive	 ﾠme	 ﾠthe	 ﾠmaximum	 ﾠchance	 ﾠthat	 ﾠany	 ﾠ
indels	 ﾠgenerated	 ﾠwould	 ﾠablate	 ﾠprotein	 ﾠfunction.	 ﾠ	 ﾠMaking	 ﾠuse	 ﾠof	 ﾠthe	 ﾠantibody	 ﾠraised	 ﾠ
against	 ﾠthe	 ﾠPlzfa	 ﾠBTB	 ﾠdomain,	 ﾠI	 ﾠobserve	 ﾠthat	 ﾠthe	 ﾠPlzfa	 ﾠmutants	 ﾠappear	 ﾠto	 ﾠeradicate	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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antibody	 ﾠstaining.	 ﾠ	 ﾠThis	 ﾠresult	 ﾠstrongly	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠBTB	 ﾠdomain	 ﾠis	 ﾠ
not	 ﾠcorrectly	 ﾠproduced.	 ﾠ	 ﾠThe	 ﾠimportance	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠin	 ﾠdriving	 ﾠPlzf	 ﾠnuclear	 ﾠ
localisation	 ﾠand	 ﾠcarrying	 ﾠout	 ﾠtranscriptional	 ﾠrepression	 ﾠhas	 ﾠpreviously	 ﾠbeen	 ﾠwell	 ﾠ
documented,	 ﾠdescribed	 ﾠin	 ﾠChapter	 ﾠ1.	 ﾠ	 ﾠAlthough	 ﾠI	 ﾠhave	 ﾠbeen	 ﾠunable	 ﾠto	 ﾠuse	 ﾠthe	 ﾠ
antibody	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠthe	 ﾠplzfb	 ﾠmutations	 ﾠalso	 ﾠdisrupts	 ﾠprotein	 ﾠfunction,	 ﾠmapping	 ﾠ
the	 ﾠmutation	 ﾠto	 ﾠa	 ﾠ2	 ﾠbp	 ﾠdeletion	 ﾠthat	 ﾠresults	 ﾠin	 ﾠa	 ﾠpremature	 ﾠstop	 ﾠcodon	 ﾠclose	 ﾠto	 ﾠthe	 ﾠ
start	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠdomain,	 ﾠsuggests	 ﾠthat	 ﾠthis	 ﾠmutation	 ﾠwould	 ﾠalso	 ﾠlead	 ﾠto	 ﾠloss	 ﾠof	 ﾠ
function.	 ﾠ
It	 ﾠis	 ﾠworth	 ﾠconsidering	 ﾠthat	 ﾠthe	 ﾠalternative	 ﾠsplice	 ﾠproducts	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠ
human	 ﾠgenome	 ﾠgenerate	 ﾠtruncated	 ﾠPlzf	 ﾠproteins	 ﾠthat	 ﾠlack	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠ(Zhang	 ﾠet	 ﾠ
al.,	 ﾠ1999).	 ﾠ	 ﾠAlthough	 ﾠno	 ﾠfunction	 ﾠhas	 ﾠbeen	 ﾠdescribed	 ﾠfor	 ﾠthese	 ﾠproteins,	 ﾠif	 ﾠthey	 ﾠexist	 ﾠ
in	 ﾠthe	 ﾠzebrafish	 ﾠthen	 ﾠthe	 ﾠmutations	 ﾠI	 ﾠgenerated	 ﾠwould	 ﾠhave	 ﾠno	 ﾠeffect	 ﾠon	 ﾠtheir	 ﾠ
function.	 ﾠ	 ﾠThese	 ﾠsplice	 ﾠvariants	 ﾠcontain	 ﾠthe	 ﾠsame	 ﾠ5’	 ﾠUTR	 ﾠas	 ﾠthe	 ﾠfull-ﾭ‐length	 ﾠtranscript	 ﾠ
and	 ﾠtherefore	 ﾠwould	 ﾠstill	 ﾠbe	 ﾠaffected	 ﾠby	 ﾠthe	 ﾠMOs.	 ﾠ	 ﾠThese	 ﾠalternative	 ﾠspliced	 ﾠproducts	 ﾠ
are	 ﾠnot	 ﾠbelieved	 ﾠto	 ﾠbe	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠmouse	 ﾠ(Suliman	 ﾠet	 ﾠal.,	 ﾠ2012)	 ﾠand	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠ
publically	 ﾠavailable	 ﾠRNA-ﾭ‐Sequencing	 ﾠdata	 ﾠsuggests	 ﾠonly	 ﾠthe	 ﾠsingle	 ﾠtranscript	 ﾠfor	 ﾠplzfa	 ﾠ
and	 ﾠplzfb	 ﾠexist	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠ(Collins	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIt	 ﾠtherefore	 ﾠseems	 ﾠ
unlikely	 ﾠthat	 ﾠthis	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠphenotype	 ﾠin	 ﾠthe	 ﾠmutants.	 ﾠ
A	 ﾠPlzf	 ﾠisoform	 ﾠlacking	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠhas	 ﾠbeen	 ﾠobserved	 ﾠto	 ﾠhave	 ﾠa	 ﾠfunctional	 ﾠ
role	 ﾠin	 ﾠhuman	 ﾠcolorectal	 ﾠcancer	 ﾠcell	 ﾠlines	 ﾠ(Jones	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThis	 ﾠprotein	 ﾠwas	 ﾠ
produced	 ﾠfrom	 ﾠa	 ﾠsecond	 ﾠtranslational	 ﾠstart	 ﾠsite	 ﾠfound	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠBTB	 ﾠ
domain	 ﾠand	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠcytoskeleton	 ﾠwhere	 ﾠit	 ﾠhas	 ﾠa	 ﾠrole	 ﾠin	 ﾠincreasing	 ﾠcell	 ﾠ
adhesion	 ﾠand	 ﾠsurvival.	 ﾠ	 ﾠI	 ﾠhave	 ﾠnot	 ﾠchecked	 ﾠwhether	 ﾠthis	 ﾠshorter	 ﾠprotein	 ﾠis	 ﾠexpressed	 ﾠ
during	 ﾠzebrafish	 ﾠdevelopment,	 ﾠbut	 ﾠthe	 ﾠMOs	 ﾠagainst	 ﾠfull	 ﾠlength	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠare	 ﾠ
unlikely	 ﾠto	 ﾠaffect	 ﾠtranslation	 ﾠof	 ﾠthis	 ﾠprotein.	 ﾠ	 ﾠIt	 ﾠtherefore	 ﾠseems	 ﾠunlikely	 ﾠthat	 ﾠthis	 ﾠ
truncated	 ﾠprotein	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠdiscrepancy	 ﾠbeen	 ﾠthe	 ﾠmorphant	 ﾠand	 ﾠmutant	 ﾠ
phenotype.	 ﾠ
There	 ﾠare	 ﾠtwo	 ﾠmouse	 ﾠmutants	 ﾠfor	 ﾠPlzf	 ﾠthat	 ﾠdisplay	 ﾠphenotypes	 ﾠrelated	 ﾠto	 ﾠ
spermatogenesis	 ﾠand	 ﾠskeletal	 ﾠpatterning	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2000,	 ﾠBuaas	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠThe	 ﾠ
luxoid	 ﾠmutation	 ﾠresults	 ﾠin	 ﾠa	 ﾠpremature	 ﾠstop	 ﾠcodon	 ﾠat	 ﾠ234	 ﾠin	 ﾠthe	 ﾠPlzf	 ﾠgene,	 ﾠin	 ﾠ
between	 ﾠthe	 ﾠregions	 ﾠcoding	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠand	 ﾠthe	 ﾠzinc	 ﾠfingers	 ﾠ(Buaas	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠ
This	 ﾠmutation	 ﾠis	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠinternal	 ﾠtranslation	 ﾠstart	 ﾠsite	 ﾠdescribed	 ﾠby	 ﾠJones	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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et	 ﾠal.	 ﾠ(2013)	 ﾠand	 ﾠtherefore	 ﾠwould	 ﾠdisrupt	 ﾠprotein	 ﾠfunction	 ﾠof	 ﾠboth	 ﾠthe	 ﾠfull-ﾭ‐length	 ﾠ
murine	 ﾠPlzf	 ﾠand	 ﾠthe	 ﾠtruncated	 ﾠprotein.	 ﾠ	 ﾠA	 ﾠphenotype	 ﾠrelated	 ﾠto	 ﾠneural	 ﾠprogenitor	 ﾠ
maintenance	 ﾠin	 ﾠthe	 ﾠspinal	 ﾠcord	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠluxoid	 ﾠmice	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠ
The	 ﾠauthors	 ﾠdescribe	 ﾠthat	 ﾠthe	 ﾠsame	 ﾠphenotype	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠchicken	 ﾠspinal	 ﾠcord	 ﾠis	 ﾠ
dependent	 ﾠupon	 ﾠthe	 ﾠrepressive	 ﾠactivity	 ﾠof	 ﾠPlzf,	 ﾠtherefore	 ﾠsuggesting	 ﾠthat	 ﾠit	 ﾠis	 ﾠthe	 ﾠfull-ﾭ‐
length	 ﾠPlzf	 ﾠprotein	 ﾠthat	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠprogenitor	 ﾠmaintenance.	 ﾠ
Removing	 ﾠthe	 ﾠentire	 ﾠfirst	 ﾠcoding	 ﾠexon	 ﾠof	 ﾠPlzf,	 ﾠresponsible	 ﾠfor	 ﾠcoding	 ﾠover	 ﾠhalf	 ﾠ
of	 ﾠthe	 ﾠprotein,	 ﾠgenerated	 ﾠthe	 ﾠsecond	 ﾠmouse	 ﾠmutant	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠThis	 ﾠ
approach	 ﾠof	 ﾠremoving	 ﾠlarge	 ﾠregions	 ﾠof	 ﾠgDNA	 ﾠresults	 ﾠin	 ﾠa	 ﾠmuch	 ﾠhigher	 ﾠchance	 ﾠthat	 ﾠthe	 ﾠ
mutation	 ﾠwill	 ﾠresult	 ﾠin	 ﾠa	 ﾠloss	 ﾠof	 ﾠfunction.	 ﾠ	 ﾠThe	 ﾠadvent	 ﾠof	 ﾠmultiplexing	 ﾠCRISPR	 ﾠ
technology	 ﾠhas	 ﾠmeant	 ﾠthat	 ﾠwe	 ﾠnow	 ﾠhave	 ﾠthe	 ﾠability	 ﾠto	 ﾠobtain	 ﾠthese	 ﾠtypes	 ﾠof	 ﾠmutants	 ﾠ
in	 ﾠzebrafish	 ﾠ(Cong	 ﾠet	 ﾠal.,	 ﾠ2013,	 ﾠRan	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIn	 ﾠhindsight,	 ﾠit	 ﾠmay	 ﾠhave	 ﾠbeen	 ﾠ
suitable	 ﾠto	 ﾠtarget	 ﾠsimilar	 ﾠregions	 ﾠto	 ﾠthese	 ﾠmouse	 ﾠmutants	 ﾠas	 ﾠthese	 ﾠare	 ﾠknown	 ﾠabolish	 ﾠ
Plzf	 ﾠfunction	 ﾠand	 ﾠprovide	 ﾠa	 ﾠphenotype.	 ﾠ
Finally,	 ﾠthe	 ﾠpossibility	 ﾠof	 ﾠmaternally	 ﾠcontributed	 ﾠPlzf	 ﾠprotein	 ﾠwas	 ﾠexplored.	 ﾠ	 ﾠ
Because	 ﾠof	 ﾠtime	 ﾠconstraints,	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠcarry	 ﾠout	 ﾠfunctional	 ﾠanalysis	 ﾠon	 ﾠembryos	 ﾠ
generated	 ﾠfrom	 ﾠdouble	 ﾠmutant	 ﾠadults.	 ﾠ	 ﾠThis	 ﾠmeans	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠthe	 ﾠprospect	 ﾠthat	 ﾠ
maternally	 ﾠcontributed	 ﾠRNA	 ﾠor	 ﾠprotein	 ﾠcould	 ﾠbe	 ﾠcompensating	 ﾠfor	 ﾠthe	 ﾠloss	 ﾠof	 ﾠthe	 ﾠ
zygotic	 ﾠprotein.	 ﾠ	 ﾠI	 ﾠtested	 ﾠthis	 ﾠby	 ﾠinjecting	 ﾠPlzfb	 ﾠMOs,	 ﾠwhich	 ﾠwould	 ﾠaffect	 ﾠboth	 ﾠthe	 ﾠ
maternal	 ﾠand	 ﾠzygotic	 ﾠtranscript	 ﾠinto	 ﾠembryos	 ﾠderived	 ﾠfrom	 ﾠplzfa	 ﾠmutant	 ﾠadults.	 ﾠ	 ﾠThe	 ﾠ
absence	 ﾠof	 ﾠa	 ﾠprogenitor	 ﾠphenotype	 ﾠin	 ﾠthese	 ﾠembryos	 ﾠsuggests	 ﾠthat	 ﾠmaternal	 ﾠ
contribution	 ﾠis	 ﾠnot	 ﾠcompensatory.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Overall,	 ﾠI	 ﾠhave	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠis	 ﾠbeing	 ﾠdisrupted	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠ
and	 ﾠlikely	 ﾠthe	 ﾠplzfb	 ﾠmutants.	 ﾠ	 ﾠThis	 ﾠsuggests	 ﾠthat	 ﾠif	 ﾠany	 ﾠremaining	 ﾠprotein	 ﾠis	 ﾠproduced,	 ﾠ
it	 ﾠwill	 ﾠlack	 ﾠthe	 ﾠability	 ﾠto	 ﾠmultimerise,	 ﾠform	 ﾠtranscriptionally	 ﾠrepressive	 ﾠcomplexes	 ﾠand	 ﾠ
localise	 ﾠto	 ﾠthe	 ﾠnucleus.	 ﾠ	 ﾠI	 ﾠconsidered	 ﾠthe	 ﾠexistence	 ﾠof	 ﾠalternatively	 ﾠsplice	 ﾠtranscripts,	 ﾠ
protein	 ﾠisoforms	 ﾠand	 ﾠmaternal	 ﾠcontribution,	 ﾠbut	 ﾠnone	 ﾠcould	 ﾠreasonably	 ﾠexplain	 ﾠwhy	 ﾠI	 ﾠ
observe	 ﾠa	 ﾠphenotype	 ﾠin	 ﾠthe	 ﾠmorphants	 ﾠand	 ﾠnot	 ﾠin	 ﾠthe	 ﾠmutants.	 ﾠ	 ﾠA	 ﾠschematic	 ﾠof	 ﾠthe	 ﾠ
some	 ﾠof	 ﾠthese	 ﾠplzf	 ﾠsplice	 ﾠvariants	 ﾠand	 ﾠboth	 ﾠthe	 ﾠfull-ﾭ‐length	 ﾠand	 ﾠtruncated	 ﾠprotein	 ﾠare	 ﾠ
shown	 ﾠin	 ﾠFigure	 ﾠ5-ﾭ‐13,	 ﾠalong	 ﾠwith	 ﾠpositions	 ﾠof	 ﾠthe	 ﾠMOs,	 ﾠTALEN	 ﾠtarget	 ﾠand	 ﾠluxoid	 ﾠ
mutation.	 ﾠ	 ﾠChapter	 ﾠ5:	 ﾠTALENs	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Figure	 ﾠ5-ﾭ‐13:	 ﾠComparison	 ﾠof	 ﾠsplice	 ﾠvariants	 ﾠand	 ﾠisoform	 ﾠwith	 ﾠthe	 ﾠzebrafish	 ﾠ
and	 ﾠmouse	 ﾠmutants	 ﾠ
Schematic	 ﾠof	 ﾠthe	 ﾠplzf	 ﾠgene	 ﾠand	 ﾠprotein,	 ﾠrepresentative	 ﾠof	 ﾠeither	 ﾠthe	 ﾠhuman,	 ﾠmouse	 ﾠ
or	 ﾠzebrafish	 ﾠhomologues.	 ﾠ	 ﾠLocation	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠMO	 ﾠ(red)	 ﾠand	 ﾠplzfa	 ﾠTALEN	 ﾠ(blue)	 ﾠ
target	 ﾠregions	 ﾠare	 ﾠindicated.	 ﾠ	 ﾠThe	 ﾠinternal	 ﾠATG	 ﾠ(purple)	 ﾠresults	 ﾠin	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠ
the	 ﾠdisplayed	 ﾠtruncated	 ﾠPlzf	 ﾠprotein	 ﾠlacking	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠ(∆BTB	 ﾠPlzf)	 ﾠin	 ﾠhuman	 ﾠ
cancer	 ﾠcells	 ﾠ(Jones	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThis	 ﾠATG	 ﾠis	 ﾠconserved	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠplzfa	 ﾠand	 ﾠ
plzfb	 ﾠgenes,	 ﾠalthough	 ﾠwhether	 ﾠthe	 ﾠshorter	 ﾠprotein	 ﾠis	 ﾠproduced	 ﾠis	 ﾠunknown.	 ﾠ	 ﾠAlso	 ﾠ
indicated	 ﾠis	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠluxoid	 ﾠmutation	 ﾠ(Arg234	 ﾠ￠	 ﾠStop)	 ﾠfrom	 ﾠBuaas	 ﾠet	 ﾠal.	 ﾠ
(2004).	 ﾠ	 ﾠInformation	 ﾠon	 ﾠalternative	 ﾠsplicing	 ﾠtranscripts	 ﾠ(ASII,	 ﾠIII	 ﾠand	 ﾠIV)	 ﾠwas	 ﾠobtained	 ﾠ
from	 ﾠZhang	 ﾠet	 ﾠal.	 ﾠ(1999).	 ﾠ
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Figure	 ﾠ5-ﾭ‐13	 ﾠ
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Is	 ﾠthe	 ﾠphenotype	 ﾠcaused	 ﾠby	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠassociated	 ﾠwith	 ﾠMOs?	 ﾠ
The	 ﾠassociation	 ﾠof	 ﾠMOs	 ﾠwith	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠhas	 ﾠbeen	 ﾠwell	 ﾠdocumented.	 ﾠ	 ﾠ
Toxic	 ﾠeffects	 ﾠcaused	 ﾠby	 ﾠsome	 ﾠMOs	 ﾠinclude	 ﾠwidespread	 ﾠcell	 ﾠdeath	 ﾠthroughout	 ﾠthe	 ﾠ
zebrafish	 ﾠCNS	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠFurther	 ﾠresearch	 ﾠrevealed	 ﾠthat	 ﾠMO-ﾭ‐mediated	 ﾠcell	 ﾠ
death	 ﾠleads	 ﾠto	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠproneural	 ﾠand	 ﾠneuronal	 ﾠmarker	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠ
(Gerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠThis	 ﾠstudy	 ﾠalso	 ﾠshowed	 ﾠthat	 ﾠpro-ﾭ‐apoptotic	 ﾠgenes	 ﾠare	 ﾠ
involved	 ﾠin	 ﾠthe	 ﾠendogenous	 ﾠprocess	 ﾠof	 ﾠhindbrain	 ﾠboundary	 ﾠformation,	 ﾠindependent	 ﾠ
of	 ﾠtheir	 ﾠrole	 ﾠin	 ﾠcell	 ﾠdeath.	 ﾠ	 ﾠTherefore	 ﾠan	 ﾠartifact	 ﾠof	 ﾠtoxic	 ﾠMO	 ﾠusage	 ﾠis	 ﾠectopic	 ﾠ
expression	 ﾠof	 ﾠthese	 ﾠboundary	 ﾠmarkers	 ﾠ(Amoyel	 ﾠet	 ﾠal.,	 ﾠ2005,	 ﾠGerety	 ﾠand	 ﾠWilkinson,	 ﾠ
2011).	 ﾠ	 ﾠBoth	 ﾠthese	 ﾠeffects	 ﾠcan	 ﾠbe	 ﾠrescued	 ﾠby	 ﾠsimultaneous	 ﾠremoval	 ﾠof	 ﾠTp53,	 ﾠa	 ﾠ
tumour	 ﾠsuppressor	 ﾠprotein	 ﾠresponsible	 ﾠfor	 ﾠcell	 ﾠapoptosis	 ﾠ(Robu	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠGerety	 ﾠ
and	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠ
It	 ﾠhas	 ﾠbeen	 ﾠestimated	 ﾠthat	 ﾠbetween	 ﾠ15-ﾭ‐20%	 ﾠof	 ﾠMOs	 ﾠinduce	 ﾠthese	 ﾠtoxic	 ﾠeffects	 ﾠ
(Bedell	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠUnpublished	 ﾠwork	 ﾠfrom	 ﾠthe	 ﾠWilkinson	 ﾠlab	 ﾠhas	 ﾠshown	 ﾠthat	 ﾠthe	 ﾠ
plzfa	 ﾠMO	 ﾠcauses	 ﾠwidespread	 ﾠapoptosis	 ﾠand	 ﾠhindbrain	 ﾠboundary	 ﾠspreading	 ﾠand	 ﾠthat	 ﾠ
this	 ﾠis	 ﾠrescued	 ﾠby	 ﾠremoving	 ﾠTp53	 ﾠat	 ﾠthe	 ﾠsame	 ﾠtime.	 ﾠ	 ﾠThere	 ﾠis	 ﾠalso	 ﾠevidence	 ﾠthat	 ﾠMO-ﾭ‐
mediated	 ﾠknockdown	 ﾠof	 ﾠTp53	 ﾠis	 ﾠunable	 ﾠto	 ﾠcompletely	 ﾠrescue	 ﾠthe	 ﾠtoxic	 ﾠphenotype	 ﾠ
and	 ﾠthat	 ﾠinjection	 ﾠinto	 ﾠtp53	 ﾠmutants	 ﾠis	 ﾠencouraged	 ﾠ(Wilkinson	 ﾠlab,	 ﾠunpublished	 ﾠ
results).	 ﾠ	 ﾠTherefore	 ﾠthe	 ﾠvast	 ﾠmajority	 ﾠof	 ﾠmy	 ﾠMO	 ﾠinjections	 ﾠwere	 ﾠdone	 ﾠin	 ﾠthe	 ﾠtp53	 ﾠ
mutant	 ﾠline.	 ﾠ
The	 ﾠphenotype	 ﾠthat	 ﾠI	 ﾠobserve	 ﾠupon	 ﾠsimultaneous	 ﾠinjection	 ﾠof	 ﾠboth	 ﾠplzfa	 ﾠand	 ﾠ
plzfb	 ﾠMOs	 ﾠis	 ﾠattributed	 ﾠto	 ﾠa	 ﾠdefect	 ﾠin	 ﾠprogenitor	 ﾠmaintenance	 ﾠthat	 ﾠis	 ﾠnot	 ﾠreminiscent	 ﾠ
of	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠMO-ﾭ‐mediated	 ﾠtoxicity.	 ﾠ	 ﾠNevertheless,	 ﾠthere	 ﾠis	 ﾠa	 ﾠgrowing	 ﾠ
concern	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠcommunity	 ﾠthat	 ﾠthere	 ﾠare	 ﾠsome	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠof	 ﾠMOs	 ﾠ
that	 ﾠare	 ﾠindependent	 ﾠof	 ﾠTp53	 ﾠactivity.	 ﾠ	 ﾠThe	 ﾠwidespread	 ﾠadoption	 ﾠof	 ﾠTALEN	 ﾠand	 ﾠ
CRISPR	 ﾠtechnology	 ﾠhas	 ﾠmeant	 ﾠthat	 ﾠresearchers	 ﾠare	 ﾠnow	 ﾠstarting	 ﾠto	 ﾠdirectly	 ﾠascertain	 ﾠ
whether	 ﾠMO	 ﾠphenotypes	 ﾠoccur	 ﾠin	 ﾠmutants.	 ﾠ
An	 ﾠinteresting	 ﾠrecent	 ﾠpublication	 ﾠtests	 ﾠexactly	 ﾠthis	 ﾠ(Law	 ﾠand	 ﾠSargent,	 ﾠ2014).	 ﾠ	 ﾠ
The	 ﾠauthors	 ﾠpreviously	 ﾠdescribed	 ﾠa	 ﾠphenotype	 ﾠrelated	 ﾠto	 ﾠdefects	 ﾠin	 ﾠmyelopoiesis	 ﾠ
upon	 ﾠinjection	 ﾠof	 ﾠpak4	 ﾠMO	 ﾠ(Law	 ﾠand	 ﾠSargent,	 ﾠ2013).	 ﾠ	 ﾠCoinjection	 ﾠof	 ﾠthe	 ﾠMO	 ﾠwith	 ﾠ
tp53	 ﾠMO	 ﾠresults	 ﾠin	 ﾠthe	 ﾠsame	 ﾠphenotype	 ﾠand	 ﾠthey	 ﾠare	 ﾠable	 ﾠto	 ﾠperform	 ﾠrescue	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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experiments	 ﾠby	 ﾠinjecting	 ﾠmRNA	 ﾠencoding	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠprotein,	 ﾠsuggesting	 ﾠthe	 ﾠ
phenotype	 ﾠis	 ﾠspecific	 ﾠto	 ﾠPak4	 ﾠfunction.	 ﾠ	 ﾠHowever,	 ﾠanalysis	 ﾠof	 ﾠpak4	 ﾠmutant	 ﾠzebrafish	 ﾠ
generated	 ﾠby	 ﾠTALEN	 ﾠtechnology	 ﾠdoes	 ﾠnot	 ﾠphenocopy	 ﾠthe	 ﾠmorphant	 ﾠphenotype	 ﾠ(Law	 ﾠ
and	 ﾠSargent,	 ﾠ2014).	 ﾠ	 ﾠThe	 ﾠauthors	 ﾠexamine	 ﾠthe	 ﾠpossibility	 ﾠof	 ﾠsplice	 ﾠvariants	 ﾠand	 ﾠ
internal	 ﾠtranslational	 ﾠstart	 ﾠsites	 ﾠthat	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠthis	 ﾠdiscrepancy,	 ﾠbut	 ﾠfind	 ﾠno	 ﾠ
evidence	 ﾠthat	 ﾠthis	 ﾠis	 ﾠthe	 ﾠcase.	 ﾠ	 ﾠInstead,	 ﾠthey	 ﾠconclude	 ﾠthat	 ﾠPak4	 ﾠis	 ﾠdispensable	 ﾠin	 ﾠ
zebrafish	 ﾠand	 ﾠpropose	 ﾠthat	 ﾠthe	 ﾠMO	 ﾠphenotype	 ﾠis	 ﾠcaused	 ﾠby	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠ
unrelated	 ﾠto	 ﾠcell	 ﾠapoptosis.	 ﾠ	 ﾠThis	 ﾠstudy	 ﾠdemonstrates	 ﾠthat	 ﾠeven	 ﾠwhen	 ﾠcombined	 ﾠwith	 ﾠ
robust	 ﾠcontrol	 ﾠexperiments,	 ﾠMO	 ﾠusage	 ﾠcan	 ﾠresult	 ﾠin	 ﾠmisleading	 ﾠphenotypes.	 ﾠ
I	 ﾠtherefore	 ﾠpropose	 ﾠthat	 ﾠthe	 ﾠMO-ﾭ‐mediated	 ﾠphenotype	 ﾠthat	 ﾠI	 ﾠdescribe	 ﾠin	 ﾠthe	 ﾠ
previous	 ﾠchapter	 ﾠis	 ﾠnot	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠPlzf	 ﾠproteins	 ﾠand	 ﾠinstead	 ﾠis	 ﾠ
related	 ﾠto	 ﾠTp53-ﾭ‐independent	 ﾠoff-ﾭ‐target	 ﾠtoxicity.	 ﾠ	 ﾠWithout	 ﾠfurther	 ﾠanalysis	 ﾠit	 ﾠis	 ﾠ
difficult	 ﾠto	 ﾠdetermine	 ﾠexactly	 ﾠwhat	 ﾠis	 ﾠcausing	 ﾠthis	 ﾠphenotype,	 ﾠalthough	 ﾠpossible	 ﾠ
causes	 ﾠwill	 ﾠbe	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ7.	 ﾠ
Finally,	 ﾠit	 ﾠis	 ﾠworth	 ﾠconsidering	 ﾠwhether	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠphenotypes	 ﾠ
in	 ﾠthe	 ﾠmice	 ﾠmutant	 ﾠfor	 ﾠPlzf	 ﾠare	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠmodels.	 ﾠ	 ﾠThe	 ﾠmice	 ﾠdisplay	 ﾠa	 ﾠ
progressive	 ﾠloss	 ﾠof	 ﾠmature	 ﾠsperm	 ﾠand	 ﾠtherefore	 ﾠthe	 ﾠmales	 ﾠare	 ﾠsterile	 ﾠas	 ﾠadults	 ﾠ
(Buaas	 ﾠet	 ﾠal.,	 ﾠ2004).	 ﾠ	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠwithin	 ﾠspermatogonia	 ﾠof	 ﾠthe	 ﾠadult	 ﾠzebrafish	 ﾠ
testis	 ﾠ(Ozaki	 ﾠet	 ﾠal.,	 ﾠ2011),	 ﾠhowever	 ﾠwhether	 ﾠit	 ﾠhas	 ﾠa	 ﾠhomologous	 ﾠrole	 ﾠto	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠ
mouse	 ﾠhas	 ﾠnot	 ﾠyet	 ﾠbeen	 ﾠestablished.	 ﾠ	 ﾠThe	 ﾠplzfa	 ﾠmutant	 ﾠmale	 ﾠzebrafish	 ﾠproduce	 ﾠ
progeny,	 ﾠindicating	 ﾠthat	 ﾠthey	 ﾠare	 ﾠnot	 ﾠsterile,	 ﾠhowever	 ﾠthis	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠtested	 ﾠin	 ﾠthe	 ﾠ
double	 ﾠmutant.	 ﾠ	 ﾠThe	 ﾠmice	 ﾠalso	 ﾠdisplay	 ﾠdefects	 ﾠin	 ﾠhind	 ﾠlimb	 ﾠpatterning	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ
2000).	 ﾠ	 ﾠAlthough	 ﾠa	 ﾠdetailed	 ﾠanalysis	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠperformed,	 ﾠthe	 ﾠhomologous	 ﾠ
structure	 ﾠin	 ﾠthe	 ﾠfish,	 ﾠthe	 ﾠventral	 ﾠfins	 ﾠ(Grandel	 ﾠand	 ﾠSchulte-ﾭ‐Merker,	 ﾠ1998),	 ﾠdoes	 ﾠnot	 ﾠ
display	 ﾠany	 ﾠgross	 ﾠmorphological	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠadult	 ﾠplzfa	 ﾠmutant.	 ﾠ
The	 ﾠPlzf	 ﾠmouse	 ﾠmutant	 ﾠshowed	 ﾠincreased	 ﾠproduction	 ﾠof	 ﾠcertain	 ﾠneuronal	 ﾠcell	 ﾠ
types	 ﾠwithin	 ﾠthe	 ﾠspinal	 ﾠcord	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThe	 ﾠanalysis	 ﾠI	 ﾠhave	 ﾠcarried	 ﾠout	 ﾠon	 ﾠ
the	 ﾠplzfa	 ﾠmutant	 ﾠzebrafish	 ﾠembryos	 ﾠonly	 ﾠexamined	 ﾠthe	 ﾠpan-ﾭ‐neuronal	 ﾠmarker	 ﾠHuC/D.	 ﾠ	 ﾠ
Therefore	 ﾠanalysis	 ﾠwith	 ﾠmarkers	 ﾠspecific	 ﾠfor	 ﾠneuronal	 ﾠsubtypes	 ﾠis	 ﾠrequired	 ﾠto	 ﾠ
determine	 ﾠwhether	 ﾠthere	 ﾠis	 ﾠa	 ﾠneurogenic	 ﾠphenotype	 ﾠwithin	 ﾠthe	 ﾠmutant	 ﾠembryos.	 ﾠChapter	 ﾠ5:	 ﾠTALENs	 ﾠ
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Conclusions	 ﾠ
In	 ﾠconclusion,	 ﾠI	 ﾠhave	 ﾠdemonstrated	 ﾠthat	 ﾠtargetable	 ﾠnucleases,	 ﾠsuch	 ﾠas	 ﾠ
TALENs,	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠinduce	 ﾠmutations	 ﾠin	 ﾠgenes	 ﾠassociated	 ﾠwith	 ﾠPlzf	 ﾠactivity	 ﾠin	 ﾠthe	 ﾠ
zebrafish.	 ﾠ	 ﾠI	 ﾠpresent	 ﾠevidence	 ﾠof	 ﾠTALENs	 ﾠefficiency	 ﾠand	 ﾠspecificity	 ﾠat	 ﾠinducing	 ﾠindels	 ﾠ
at	 ﾠthe	 ﾠtarget	 ﾠgenes	 ﾠand	 ﾠmake	 ﾠuse	 ﾠof	 ﾠseveral	 ﾠscreening	 ﾠmethods.	 ﾠ	 ﾠFunctional	 ﾠanalysis	 ﾠ
of	 ﾠembryos	 ﾠcontaining	 ﾠmutations	 ﾠin	 ﾠboth	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠdid	 ﾠnot	 ﾠlead	 ﾠto	 ﾠthe	 ﾠsame	 ﾠ
phenotype	 ﾠas	 ﾠthe	 ﾠdouble	 ﾠmorphants.	 ﾠ	 ﾠI	 ﾠconsider	 ﾠseveral	 ﾠpossibilities	 ﾠthat	 ﾠcould	 ﾠ
account	 ﾠfor	 ﾠthis	 ﾠand	 ﾠpropose	 ﾠthat	 ﾠthe	 ﾠmorphant	 ﾠphenotype	 ﾠis	 ﾠa	 ﾠMO	 ﾠartifact	 ﾠcaused	 ﾠ
by	 ﾠTp53-ﾭ‐independent	 ﾠpathways.	 ﾠ
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6  Targeted	 ﾠinsertions	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠusing	 ﾠ
TALENs	 ﾠ
6.1  Introduction	 ﾠ
Zebrafish	 ﾠembryos	 ﾠhave	 ﾠa	 ﾠnumber	 ﾠof	 ﾠadvantages	 ﾠthat	 ﾠmake	 ﾠthem	 ﾠsuitable	 ﾠfor	 ﾠ
in	 ﾠvivo	 ﾠimaging,	 ﾠsuch	 ﾠas	 ﾠbeing	 ﾠlargely	 ﾠtransparent	 ﾠand	 ﾠdeveloping	 ﾠoutside	 ﾠthe	 ﾠ
mother.	 ﾠ	 ﾠThe	 ﾠdevelopment	 ﾠof	 ﾠTol2	 ﾠtransgenesis	 ﾠ(Kawakami	 ﾠet	 ﾠal.,	 ﾠ2004,	 ﾠBalciunas	 ﾠet	 ﾠ
al.,	 ﾠ2006)	 ﾠas	 ﾠa	 ﾠtechnique	 ﾠto	 ﾠefficiently	 ﾠinsert	 ﾠexogenous	 ﾠDNA	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠ
genome	 ﾠgreatly	 ﾠincreased	 ﾠthe	 ﾠability	 ﾠto	 ﾠanalyse	 ﾠand	 ﾠmake	 ﾠuse	 ﾠof	 ﾠendogenous	 ﾠ
enhancers	 ﾠand	 ﾠpromoters.	 ﾠ	 ﾠThe	 ﾠrandom	 ﾠintegration	 ﾠat	 ﾠmultiple	 ﾠlocations	 ﾠin	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome	 ﾠmakes	 ﾠTol2	 ﾠtransgenesis	 ﾠideal	 ﾠfor	 ﾠstudies	 ﾠsuch	 ﾠas	 ﾠenhancer	 ﾠand	 ﾠ
gene	 ﾠtraps,	 ﾠbut	 ﾠdoesn’t	 ﾠallow	 ﾠtargeting	 ﾠof	 ﾠspecific	 ﾠsites	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠThe	 ﾠability	 ﾠto	 ﾠ
generate	 ﾠzebrafish	 ﾠtransgenics	 ﾠfor	 ﾠtarget	 ﾠgenes	 ﾠhas	 ﾠlargely	 ﾠbeen	 ﾠrestricted	 ﾠto	 ﾠ
inserting	 ﾠpredicted	 ﾠregulatory	 ﾠelements,	 ﾠtypically	 ﾠthrough	 ﾠbacterial	 ﾠartificial	 ﾠ
chromosome	 ﾠtransgenesis	 ﾠ(Suster	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ
For	 ﾠmany	 ﾠyears,	 ﾠgene	 ﾠtargeting	 ﾠby	 ﾠhomologous	 ﾠrecombination	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠ
very	 ﾠeffectively	 ﾠin	 ﾠmouse	 ﾠembryonic	 ﾠstem	 ﾠcells	 ﾠto	 ﾠspecifically	 ﾠmodify	 ﾠthe	 ﾠmouse	 ﾠ
genome	 ﾠ(Capecchi,	 ﾠ2005).	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠrelies	 ﾠon	 ﾠproviding	 ﾠcells	 ﾠwith	 ﾠexogenous	 ﾠDNA	 ﾠ
containing	 ﾠthe	 ﾠinsertion	 ﾠcassette	 ﾠflanked	 ﾠby	 ﾠarms	 ﾠcontaining	 ﾠa	 ﾠhigh	 ﾠdegree	 ﾠof	 ﾠ
homology	 ﾠto	 ﾠthe	 ﾠtarget	 ﾠregion	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠWhilst	 ﾠthis	 ﾠprocess	 ﾠis	 ﾠhighly	 ﾠ
inefficient,	 ﾠinserting	 ﾠa	 ﾠselectable	 ﾠmaker	 ﾠand	 ﾠworking	 ﾠwith	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠ
totipotent	 ﾠcells	 ﾠhave	 ﾠprovided	 ﾠmouse	 ﾠgeneticists	 ﾠwith	 ﾠthe	 ﾠtools	 ﾠto	 ﾠmanipulate	 ﾠthe	 ﾠ
genome	 ﾠ(Kim	 ﾠand	 ﾠKim,	 ﾠ2014).	 ﾠ	 ﾠUnfortunately,	 ﾠuntil	 ﾠrecently,	 ﾠthe	 ﾠinefficiency	 ﾠof	 ﾠ
homologous	 ﾠrecombination	 ﾠmeans	 ﾠthat	 ﾠthis	 ﾠgroundbreaking	 ﾠtechnique	 ﾠis	 ﾠnot	 ﾠ
suitable	 ﾠfor	 ﾠorganisms	 ﾠwithout	 ﾠan	 ﾠestablished	 ﾠembryonic	 ﾠstem	 ﾠcell	 ﾠline,	 ﾠsuch	 ﾠas	 ﾠ
zebrafish.	 ﾠ
Armed	 ﾠwith	 ﾠthe	 ﾠknowledge	 ﾠthat	 ﾠinducing	 ﾠdouble	 ﾠstranded	 ﾠbreaks	 ﾠincreases	 ﾠ
the	 ﾠrate	 ﾠof	 ﾠhomologous	 ﾠrecombination	 ﾠ(Rouet	 ﾠet	 ﾠal.,	 ﾠ1994),	 ﾠthe	 ﾠadvent	 ﾠof	 ﾠtargetable	 ﾠ
nuclease	 ﾠtechnology	 ﾠis	 ﾠbringing	 ﾠus	 ﾠinto	 ﾠan	 ﾠera	 ﾠwhere	 ﾠgenome	 ﾠengineering	 ﾠis	 ﾠ
becoming	 ﾠapplicable	 ﾠfor	 ﾠa	 ﾠrange	 ﾠof	 ﾠdifferent	 ﾠorganisms.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠprevious	 ﾠchapter	 ﾠI	 ﾠ
described	 ﾠthe	 ﾠuse	 ﾠof	 ﾠTALENs	 ﾠto	 ﾠcreate	 ﾠmutations	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠefficiency	 ﾠin	 ﾠthe	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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zebrafish	 ﾠgenome.	 ﾠ	 ﾠTo	 ﾠdate	 ﾠthere	 ﾠhave	 ﾠbeen	 ﾠtwo	 ﾠsuccessful	 ﾠreports	 ﾠof	 ﾠhomologous	 ﾠ
recombination	 ﾠusing	 ﾠTALENs	 ﾠin	 ﾠzebrafish,	 ﾠone	 ﾠusing	 ﾠshort	 ﾠssDNA	 ﾠas	 ﾠa	 ﾠdonor	 ﾠ(Bedell	 ﾠ
et	 ﾠal.,	 ﾠ2012)	 ﾠand	 ﾠthe	 ﾠother	 ﾠusing	 ﾠlarger	 ﾠdsDNA	 ﾠDNA	 ﾠ(Zu	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠAlthough	 ﾠboth	 ﾠ
of	 ﾠthese	 ﾠmethods	 ﾠrepresent	 ﾠa	 ﾠimportant	 ﾠleap	 ﾠin	 ﾠgenetic	 ﾠmodification	 ﾠin	 ﾠzebrafish,	 ﾠ
the	 ﾠrelatively	 ﾠlow	 ﾠefficiency	 ﾠof	 ﾠgermline	 ﾠtransmission	 ﾠ(1.5%	 ﾠreported	 ﾠby	 ﾠZu	 ﾠet	 ﾠal.,	 ﾠ
2013)	 ﾠremains	 ﾠa	 ﾠsignificant	 ﾠdrawback.	 ﾠ
An	 ﾠalternative	 ﾠmethod	 ﾠof	 ﾠinserting	 ﾠcustom	 ﾠsequences	 ﾠat	 ﾠa	 ﾠtargeted	 ﾠgenomic	 ﾠ
location	 ﾠin	 ﾠcultured	 ﾠcells	 ﾠhas	 ﾠbeen	 ﾠdescribed	 ﾠthat	 ﾠrelies	 ﾠon	 ﾠthe	 ﾠprecise	 ﾠligation	 ﾠof	 ﾠthe	 ﾠ
overhangs	 ﾠproduced	 ﾠby	 ﾠZFNs	 ﾠor	 ﾠTALENs	 ﾠ(Orlando	 ﾠet	 ﾠal.,	 ﾠ2010,	 ﾠMiller	 ﾠet	 ﾠal.,	 ﾠ2011,	 ﾠ
Maresca	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThis	 ﾠmethod,	 ﾠknown	 ﾠpreviously	 ﾠas	 ﾠObligate	 ﾠLigation-ﾭ‐Gated	 ﾠ
Recombination	 ﾠ(ObLiGaRe)	 ﾠworks	 ﾠthrough	 ﾠthe	 ﾠdominant	 ﾠNHEJ	 ﾠpathway	 ﾠand	 ﾠallows	 ﾠ
the	 ﾠintroduction	 ﾠof	 ﾠlarge	 ﾠcassettes	 ﾠwith	 ﾠa	 ﾠmuch	 ﾠhigher	 ﾠefficiency	 ﾠthat	 ﾠhomologous	 ﾠ
recombination	 ﾠin	 ﾠvitro	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠI	 ﾠsought	 ﾠto	 ﾠadapt	 ﾠthis	 ﾠstrategy	 ﾠin	 ﾠorder	 ﾠ
to	 ﾠinsert	 ﾠcustom	 ﾠcassettes	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ
In	 ﾠthis	 ﾠchapter	 ﾠI	 ﾠwill	 ﾠdescribe	 ﾠthe	 ﾠstrategy	 ﾠfor	 ﾠinserting	 ﾠexogenous	 ﾠDNA	 ﾠinto	 ﾠ
the	 ﾠgenome	 ﾠwith	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠTALENs.	 ﾠ	 ﾠUsing	 ﾠthis	 ﾠtechnique,	 ﾠI	 ﾠshow	 ﾠthat	 ﾠ
inserting	 ﾠeGFP	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠin	 ﾠzebrafish	 ﾠis	 ﾠefficient	 ﾠand	 ﾠprecise,	 ﾠbut	 ﾠresults	 ﾠin	 ﾠ
the	 ﾠpresence	 ﾠof	 ﾠindels	 ﾠaround	 ﾠthe	 ﾠtarget	 ﾠsite	 ﾠand	 ﾠis	 ﾠhighly	 ﾠmosaic	 ﾠin	 ﾠindividual	 ﾠ
embryos.	 ﾠ	 ﾠI	 ﾠimplement	 ﾠa	 ﾠmethod	 ﾠto	 ﾠselect	 ﾠembryos	 ﾠthat	 ﾠcontain	 ﾠthe	 ﾠhighest	 ﾠdegree	 ﾠ
of	 ﾠinsertion	 ﾠin	 ﾠorder	 ﾠto	 ﾠimprove	 ﾠgermline	 ﾠtransmission	 ﾠand	 ﾠdiscuss	 ﾠattempts	 ﾠmade	 ﾠto	 ﾠ
improve	 ﾠthe	 ﾠprecision	 ﾠof	 ﾠinsertion	 ﾠand	 ﾠprevent	 ﾠthe	 ﾠdonor	 ﾠvector	 ﾠbackbone	 ﾠbeing	 ﾠ
inserted	 ﾠinto	 ﾠthe	 ﾠgenome.	 ﾠ	 ﾠFinally,	 ﾠI	 ﾠuse	 ﾠthis	 ﾠtechnique	 ﾠto	 ﾠfurther	 ﾠexplore	 ﾠthe	 ﾠ
expression	 ﾠand	 ﾠfunction	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain.	 ﾠ	 ﾠ
6.2  Strategy	 ﾠfor	 ﾠinserting	 ﾠDNA	 ﾠsequences	 ﾠinto	 ﾠa	 ﾠtargeted	 ﾠlocus	 ﾠ
The	 ﾠpreviously	 ﾠdescribed	 ﾠmethod	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠmakes	 ﾠuse	 ﾠof	 ﾠa	 ﾠ
plasmid	 ﾠ(hereafter	 ﾠcalled	 ﾠthe	 ﾠ‘donor	 ﾠplasmid’),	 ﾠwhich	 ﾠcontains	 ﾠthe	 ﾠTALEN	 ﾠor	 ﾠZFN	 ﾠ
recognition	 ﾠsite	 ﾠupstream	 ﾠof	 ﾠthe	 ﾠinsertion	 ﾠcassette.	 ﾠ	 ﾠI	 ﾠelected	 ﾠto	 ﾠmake	 ﾠuse	 ﾠof	 ﾠthe	 ﾠ
plzfa	 ﾠTALENs	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠevidence	 ﾠthat	 ﾠthey	 ﾠinduce	 ﾠdouble	 ﾠstranded	 ﾠbreaks	 ﾠat	 ﾠan	 ﾠ
efficiency	 ﾠapproaching	 ﾠ100%,	 ﾠthe	 ﾠgene’s	 ﾠwidespread	 ﾠexpression	 ﾠpattern	 ﾠand	 ﾠthe	 ﾠ
potential	 ﾠfor	 ﾠfurther	 ﾠunderstanding	 ﾠof	 ﾠits	 ﾠbiological	 ﾠfunction.	 ﾠ	 ﾠMy	 ﾠinitial	 ﾠaim	 ﾠwas	 ﾠto	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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insert	 ﾠa	 ﾠsequence	 ﾠencoding	 ﾠthe	 ﾠeGFP	 ﾠprotein	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus,	 ﾠputting	 ﾠeGFP	 ﾠ
expression	 ﾠunder	 ﾠcontrol	 ﾠof	 ﾠthe	 ﾠendogenous	 ﾠplzfa	 ﾠtranscriptional	 ﾠmachinery.	 ﾠ	 ﾠ
Donor	 ﾠplasmid	 ﾠdesign	 ﾠ
Following	 ﾠthe	 ﾠpreviously	 ﾠpublished	 ﾠguidelines,	 ﾠI	 ﾠdesigned	 ﾠa	 ﾠdonor	 ﾠplasmid	 ﾠ
that	 ﾠcontained	 ﾠthe	 ﾠinverted	 ﾠplzfa	 ﾠleft	 ﾠand	 ﾠright	 ﾠTALEN	 ﾠbinding	 ﾠsites	 ﾠupstream	 ﾠof	 ﾠa	 ﾠ
promoter-ﾭ‐less	 ﾠcassette	 ﾠcontaining	 ﾠP2A-ﾭ‐eGFP	 ﾠfollowed	 ﾠby	 ﾠa	 ﾠpolyadenylation	 ﾠsignal.	 ﾠ	 ﾠ
The	 ﾠself-ﾭ‐cleaving	 ﾠP2A	 ﾠpeptide	 ﾠis	 ﾠpresent	 ﾠto	 ﾠprevent	 ﾠPlzfa-ﾭ‐eGFP	 ﾠfusion	 ﾠproteins	 ﾠfrom	 ﾠ
being	 ﾠgenerated	 ﾠthat	 ﾠcould	 ﾠhave	 ﾠunknown	 ﾠbiological	 ﾠeffects.	 ﾠ	 ﾠThe	 ﾠreason	 ﾠfor	 ﾠusing	 ﾠ
inverted	 ﾠTALEN	 ﾠbinding	 ﾠsites	 ﾠis	 ﾠto	 ﾠprevent	 ﾠthe	 ﾠheterodimeric	 ﾠTALEN	 ﾠpair	 ﾠfrom	 ﾠbeing	 ﾠ
able	 ﾠto	 ﾠbe	 ﾠrecut	 ﾠthe	 ﾠintegrated	 ﾠDNA	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠTo	 ﾠallow	 ﾠfuture	 ﾠ
recombinase-ﾭ‐mediated	 ﾠcassette	 ﾠexchange,	 ﾠthe	 ﾠphiC31	 ﾠintegrase	 ﾠattP	 ﾠattachment	 ﾠ
sites	 ﾠflanked	 ﾠthis	 ﾠcassette	 ﾠ(Hu	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠDetails	 ﾠof	 ﾠthe	 ﾠgeneration	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠ
donor	 ﾠplasmid	 ﾠcan	 ﾠbe	 ﾠfound	 ﾠin	 ﾠChapter	 ﾠ2.8.	 ﾠ
I	 ﾠdesigned	 ﾠthe	 ﾠdonor	 ﾠplasmid	 ﾠwith	 ﾠan	 ﾠemphasis	 ﾠon	 ﾠsimplicity	 ﾠfor	 ﾠfuture	 ﾠuse.	 ﾠ	 ﾠ
Complementary	 ﾠsingle	 ﾠstranded	 ﾠoligonucleotides	 ﾠcontaining	 ﾠthe	 ﾠinverted	 ﾠTALEN	 ﾠ
binding	 ﾠsite	 ﾠfor	 ﾠa	 ﾠgene	 ﾠof	 ﾠchoice	 ﾠcan	 ﾠbe	 ﾠannealed	 ﾠand	 ﾠcloned	 ﾠinto	 ﾠthe	 ﾠplasmid	 ﾠto	 ﾠ
replace	 ﾠthe	 ﾠplzfa	 ﾠTALEN	 ﾠsites	 ﾠin	 ﾠa	 ﾠsingle	 ﾠstep.	 ﾠ	 ﾠFurthermore,	 ﾠrestriction	 ﾠenzyme	 ﾠsites	 ﾠ
flank	 ﾠthe	 ﾠeGFP	 ﾠcassette	 ﾠsuch	 ﾠthat	 ﾠsimple	 ﾠcloning	 ﾠstrategies	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠinsert	 ﾠ
alternative	 ﾠsequences	 ﾠinto	 ﾠthe	 ﾠtarget	 ﾠlocus.	 ﾠ	 ﾠThe	 ﾠannotated	 ﾠsequence	 ﾠfor	 ﾠthe	 ﾠplzfa	 ﾠ
donor	 ﾠplasmid	 ﾠis	 ﾠshown	 ﾠin	 ﾠAppendix	 ﾠFigure	 ﾠ8-ﾭ‐6.	 ﾠ
Insertion	 ﾠstrategy	 ﾠ
The	 ﾠtheory	 ﾠbehind	 ﾠthe	 ﾠinsertion	 ﾠtechnique	 ﾠis	 ﾠthat	 ﾠupon	 ﾠinjection	 ﾠof	 ﾠboth	 ﾠthe	 ﾠ
plzfa	 ﾠTALEN	 ﾠRNA	 ﾠand	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠDNA	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠembryo,	 ﾠthe	 ﾠ
TALENs	 ﾠwill	 ﾠinduce	 ﾠdouble	 ﾠstranded	 ﾠbreaks	 ﾠin	 ﾠboth	 ﾠthe	 ﾠgenome	 ﾠand	 ﾠthe	 ﾠdonor	 ﾠ
plasmid	 ﾠ(Figure	 ﾠ6-ﾭ‐1a	 ﾠ&	 ﾠb).	 ﾠ	 ﾠPrevious	 ﾠevidence	 ﾠhas	 ﾠshown	 ﾠthat	 ﾠthese	 ﾠbreaks	 ﾠproduce	 ﾠ
complementary	 ﾠoverhangs	 ﾠand	 ﾠwill	 ﾠlead	 ﾠto	 ﾠthe	 ﾠdonor	 ﾠplasmid	 ﾠbeing	 ﾠprecisely	 ﾠligated	 ﾠ
into	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThis	 ﾠwill	 ﾠ
therefore	 ﾠput	 ﾠeGFP	 ﾠexpression	 ﾠunder	 ﾠthe	 ﾠcontrol	 ﾠof	 ﾠthe	 ﾠendogenous	 ﾠplzfa	 ﾠ
transcriptional	 ﾠmachinery,	 ﾠlabelling	 ﾠcells	 ﾠthat	 ﾠcontain	 ﾠthe	 ﾠinsert	 ﾠwith	 ﾠthe	 ﾠfluorescent	 ﾠ
protein	 ﾠ(Figure	 ﾠ6-ﾭ‐1c).	 ﾠ	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠP2A	 ﾠpeptide	 ﾠmeans	 ﾠthat	 ﾠeGFP	 ﾠwill	 ﾠonly	 ﾠbe	 ﾠ
translated	 ﾠif	 ﾠthe	 ﾠinsertion	 ﾠevent	 ﾠhappens	 ﾠin	 ﾠframe	 ﾠwith	 ﾠthe	 ﾠPlzfa	 ﾠprotein.	 ﾠChapter	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Figure	 ﾠ6-ﾭ‐1:	 ﾠStrategy	 ﾠfor	 ﾠDNA	 ﾠinsertion	 ﾠ
Cartoon	 ﾠdepicting	 ﾠin	 ﾠvivo	 ﾠligation	 ﾠevent.	 ﾠ
a:	 ﾠThe	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠcontains	 ﾠthe	 ﾠinverted	 ﾠleft	 ﾠand	 ﾠright	 ﾠplzfa	 ﾠtarget	 ﾠsequences	 ﾠ
upstream	 ﾠof	 ﾠthe	 ﾠP2A-ﾭ‐eGFP-ﾭ‐polyA	 ﾠinsertion	 ﾠcassette.	 ﾠ	 ﾠThe	 ﾠforward	 ﾠstrand	 ﾠsequences	 ﾠ
for	 ﾠTALEN	 ﾠtarget	 ﾠsequences	 ﾠin	 ﾠthe	 ﾠplasmid	 ﾠ(a’)	 ﾠand	 ﾠgenome	 ﾠ(a”)	 ﾠare	 ﾠshown.	 ﾠ	 ﾠNote	 ﾠ
that	 ﾠalthough	 ﾠthe	 ﾠtarget	 ﾠsequences	 ﾠare	 ﾠinverted,	 ﾠthe	 ﾠspacer	 ﾠremains	 ﾠin	 ﾠthe	 ﾠsame	 ﾠ
orientation.	 ﾠ	 ﾠSequence	 ﾠfor	 ﾠthe	 ﾠdonor	 ﾠplasmid	 ﾠis	 ﾠshown	 ﾠin	 ﾠAppendix	 ﾠFigure	 ﾠ8-ﾭ‐6.	 ﾠ	 ﾠ
b:	 ﾠThe	 ﾠaddition	 ﾠof	 ﾠTALENs	 ﾠresults	 ﾠin	 ﾠcomplementary	 ﾠoverhangs	 ﾠbeing	 ﾠformed	 ﾠin	 ﾠthe	 ﾠ
plasmid	 ﾠand	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠin	 ﾠthe	 ﾠgenome.	 ﾠ
c:	 ﾠThe	 ﾠoverhangs	 ﾠanneal,	 ﾠinserting	 ﾠthe	 ﾠentire	 ﾠ4.1	 ﾠkb	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠinto	 ﾠthe	 ﾠ
plzfa	 ﾠlocus.	 ﾠ	 ﾠThe	 ﾠforward	 ﾠstrands	 ﾠfor	 ﾠthe	 ﾠexpected	 ﾠ5’	 ﾠand	 ﾠ3’	 ﾠligations	 ﾠevents	 ﾠare	 ﾠ
shown	 ﾠ(c’	 ﾠand	 ﾠc”	 ﾠrespectively).	 ﾠ	 ﾠ	 ﾠ
Not	 ﾠdrawn	 ﾠto	 ﾠscale.	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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The	 ﾠligations	 ﾠevents	 ﾠformed	 ﾠin	 ﾠthe	 ﾠexpected	 ﾠproduct	 ﾠare	 ﾠresistant	 ﾠto	 ﾠfurther	 ﾠcutting	 ﾠ
by	 ﾠthe	 ﾠheterodimeric	 ﾠTALENs	 ﾠas	 ﾠdescribed	 ﾠpreviously	 ﾠ(Figure	 ﾠ5-ﾭ‐1b).	 ﾠ	 ﾠ
6.3  GFP	 ﾠis	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠefficiency	 ﾠ	 ﾠ
I	 ﾠobserved	 ﾠeGFP	 ﾠexpression	 ﾠin	 ﾠover	 ﾠ75%	 ﾠof	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠ
TALENs	 ﾠand	 ﾠthe	 ﾠdonor	 ﾠplasmid	 ﾠtogether,	 ﾠwhilst	 ﾠinjection	 ﾠof	 ﾠdonor	 ﾠplasmid	 ﾠalone	 ﾠdid	 ﾠ
not	 ﾠlead	 ﾠto	 ﾠany	 ﾠspecific	 ﾠeGFP	 ﾠsignal	 ﾠ(Figure	 ﾠ6-ﾭ‐2a-ﾭ‐d).	 ﾠ	 ﾠ	 ﾠEncouragingly,	 ﾠthe	 ﾠeGFP	 ﾠ
positive	 ﾠcells	 ﾠwere	 ﾠfound	 ﾠwhere	 ﾠthe	 ﾠplzfa	 ﾠtranscript	 ﾠis	 ﾠnormally	 ﾠexpressed,	 ﾠsuch	 ﾠas	 ﾠ
within	 ﾠthe	 ﾠdeveloping	 ﾠnervous	 ﾠsystem	 ﾠ(Figure	 ﾠ6-ﾭ‐2e-ﾭ‐f).	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠ
whether	 ﾠthe	 ﾠinsertion	 ﾠevent	 ﾠis	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠplzfa	 ﾠlocus,	 ﾠI	 ﾠinjected	 ﾠthe	 ﾠTALENs	 ﾠand	 ﾠ
donor	 ﾠplasmid	 ﾠinto	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠplzfa	 ﾠTALEN	 ﾠF1	 ﾠembryos,	 ﾠwhich	 ﾠcontain	 ﾠ
indels	 ﾠaround	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ(Figure	 ﾠ5-ﾭ‐8).	 ﾠ	 ﾠI	 ﾠobserved	 ﾠno	 ﾠspecific	 ﾠeGFP	 ﾠexpression	 ﾠin	 ﾠ
these	 ﾠembryos	 ﾠ(Figure	 ﾠ6-ﾭ‐2k-ﾭ‐m).	 ﾠ	 ﾠI	 ﾠfound	 ﾠthat	 ﾠincreasing	 ﾠthe	 ﾠamount	 ﾠof	 ﾠDNA	 ﾠthat	 ﾠwas	 ﾠ
injected	 ﾠresulted	 ﾠin	 ﾠan	 ﾠincrease	 ﾠin	 ﾠembryo	 ﾠdeformity	 ﾠand	 ﾠdeath	 ﾠwhilst	 ﾠnot	 ﾠaffecting	 ﾠ
integration	 ﾠefficiency	 ﾠ(Figure	 ﾠ6-ﾭ‐2n	 ﾠ&	 ﾠo)	 ﾠand	 ﾠtherefore	 ﾠinjected	 ﾠ27	 ﾠpg	 ﾠor	 ﾠless	 ﾠDNA	 ﾠfor	 ﾠ
all	 ﾠfuture	 ﾠexperiments.	 ﾠ
I	 ﾠdesigned	 ﾠprimers	 ﾠto	 ﾠamplify	 ﾠthe	 ﾠ5’	 ﾠand	 ﾠ3’	 ﾠinsertion	 ﾠevents	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ
by	 ﾠPCR	 ﾠof	 ﾠthe	 ﾠgenomic	 ﾠDNA	 ﾠfrom	 ﾠindividual	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠobserved	 ﾠa	 ﾠband	 ﾠ
indicating	 ﾠsuccessful	 ﾠintegration	 ﾠin	 ﾠthose	 ﾠembryos	 ﾠwith	 ﾠeGFP	 ﾠexpression	 ﾠ(Figure	 ﾠ
6-ﾭ‐2y).	 ﾠ	 ﾠSequencing	 ﾠthis	 ﾠinsertion	 ﾠevent	 ﾠrevealed	 ﾠthat	 ﾠwhist	 ﾠthe	 ﾠcassette	 ﾠwas	 ﾠ
integrated	 ﾠinto	 ﾠthe	 ﾠgenome,	 ﾠthis	 ﾠwas	 ﾠalways	 ﾠaccompanied	 ﾠby	 ﾠsmall	 ﾠinsertions	 ﾠor	 ﾠ
deletions	 ﾠaround	 ﾠthe	 ﾠspacer	 ﾠregion	 ﾠ(Figure	 ﾠ6-ﾭ‐2z),	 ﾠsimilar	 ﾠto	 ﾠwhat	 ﾠis	 ﾠseen	 ﾠduring	 ﾠNHEJ-ﾭ‐
mediated	 ﾠDNA	 ﾠrepair.	 ﾠ	 ﾠTo	 ﾠtest	 ﾠwhether	 ﾠthis	 ﾠimprecise	 ﾠinsertion	 ﾠwas	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠ
targeted	 ﾠplzfa	 ﾠlocus,	 ﾠwe	 ﾠused	 ﾠthe	 ﾠsame	 ﾠapproach	 ﾠto	 ﾠinsert	 ﾠeGFP	 ﾠat	 ﾠthe	 ﾠgolden	 ﾠlocus	 ﾠ
using	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠTALENs	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐7).	 ﾠ	 ﾠI	 ﾠconfirmed	 ﾠthat	 ﾠeGFP	 ﾠ
is	 ﾠsuccessfully	 ﾠintegrated	 ﾠinto	 ﾠthe	 ﾠgolden	 ﾠlocus	 ﾠand	 ﾠfound	 ﾠthat	 ﾠsequencing	 ﾠrevealed	 ﾠa	 ﾠ
similar	 ﾠextent	 ﾠof	 ﾠimprecision	 ﾠaround	 ﾠthe	 ﾠligation	 ﾠevent	 ﾠ(Appendix	 ﾠFigure	 ﾠ8-ﾭ‐7).	 ﾠ	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Figure	 ﾠ6-ﾭ‐2:	 ﾠEvidence	 ﾠfor	 ﾠefficient	 ﾠintegration	 ﾠof	 ﾠGFP	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ	 ﾠ
a-ﾭ‐d:	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠalone	 ﾠ(a	 ﾠ&	 ﾠb)	 ﾠhad	 ﾠno	 ﾠGFP	 ﾠexpression	 ﾠ
(23/23)	 ﾠwhilst	 ﾠthose	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠplasmid	 ﾠshowed	 ﾠGFP	 ﾠ
expression	 ﾠ(92/119).	 ﾠScale	 ﾠbar	 ﾠ=	 ﾠ100	 ﾠμm.	 ﾠ
e-ﾭ‐m:	 ﾠInjected	 ﾠembryos	 ﾠwere	 ﾠanalysed	 ﾠby	 ﾠconfocal	 ﾠmicroscopy	 ﾠat	 ﾠ24	 ﾠhpf	 ﾠafter	 ﾠIHC	 ﾠ
with	 ﾠan	 ﾠanti-ﾭ‐GFP	 ﾠantibody.	 ﾠ	 ﾠGFP	 ﾠexpressing	 ﾠcells	 ﾠwere	 ﾠobserved	 ﾠwithin	 ﾠthe	 ﾠhindbrain	 ﾠ
and	 ﾠotic	 ﾠvesicle,	 ﾠwhere	 ﾠplzfa	 ﾠtranscripts	 ﾠare	 ﾠnormally	 ﾠdetected	 ﾠin	 ﾠwild	 ﾠtype	 ﾠembryos	 ﾠ
injected	 ﾠwith	 ﾠboth	 ﾠTALENs	 ﾠand	 ﾠdonor	 ﾠplasmid	 ﾠ(h-ﾭ‐j).	 ﾠ	 ﾠplzfa	 ﾠ-ﾭ‐/-ﾭ‐	 ﾠembryos	 ﾠwere	 ﾠinjected	 ﾠ
with	 ﾠTALENs	 ﾠand	 ﾠdonor	 ﾠand	 ﾠshowed	 ﾠno	 ﾠGFP	 ﾠexpression	 ﾠ(k-ﾭ‐m,	 ﾠ30/30).	 ﾠ	 ﾠScale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠ
μm.	 ﾠ
n	 ﾠ&	 ﾠo:	 ﾠIncreasing	 ﾠamounts	 ﾠof	 ﾠdonor	 ﾠplasmid	 ﾠwere	 ﾠinjected	 ﾠinto	 ﾠthe	 ﾠembryos	 ﾠand	 ﾠ
both	 ﾠtheir	 ﾠGFP	 ﾠexpression	 ﾠ(k)	 ﾠand	 ﾠsurvival	 ﾠ(l)	 ﾠwere	 ﾠscored	 ﾠat	 ﾠ24	 ﾠhpf.	 ﾠ	 ﾠIncreasing	 ﾠthe	 ﾠ
amount	 ﾠof	 ﾠDNA	 ﾠinjected	 ﾠdid	 ﾠnot	 ﾠimprove	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠGFP	 ﾠexpression	 ﾠbut	 ﾠdid	 ﾠ
decrease	 ﾠthe	 ﾠsurvival	 ﾠof	 ﾠthe	 ﾠembryos.	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 ﾠ6:	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Figure	 ﾠ6-ﾭ‐2	 ﾠ
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Figure	 ﾠ6-ﾭ‐3:	 ﾠInsertion	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠindels	 ﾠ	 ﾠ
a:	 ﾠExpected	 ﾠligation	 ﾠproduct	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus.	 ﾠ	 ﾠPositions	 ﾠof	 ﾠprimers	 ﾠ(F1,	 ﾠR1,	 ﾠF2	 ﾠ&	 ﾠR2)	 ﾠ
are	 ﾠshown,	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠsizes	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠPCR	 ﾠproducts	 ﾠ(650	 ﾠand	 ﾠ697	 ﾠbp	 ﾠ
respectively).	 ﾠ	 ﾠF1	 ﾠand	 ﾠR2	 ﾠbind	 ﾠsequences	 ﾠfound	 ﾠin	 ﾠthe	 ﾠgenomic	 ﾠDNA	 ﾠwhilst	 ﾠR2	 ﾠand	 ﾠF2	 ﾠ
bind	 ﾠthe	 ﾠdonor	 ﾠplasmid	 ﾠDNA.	 ﾠ
b	 ﾠ&	 ﾠc:	 ﾠA	 ﾠPCR	 ﾠband	 ﾠcorresponding	 ﾠto	 ﾠthe	 ﾠ5’	 ﾠligation	 ﾠ(b)	 ﾠand	 ﾠthe	 ﾠ3’	 ﾠligation	 ﾠ(c)	 ﾠis	 ﾠ
observed	 ﾠin	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠ+	 ﾠplzfa	 ﾠDonor	 ﾠplasmid.	 ﾠ
d:	 ﾠThe	 ﾠ5’	 ﾠligation	 ﾠPCR	 ﾠproduct	 ﾠwas	 ﾠsequenced.	 ﾠ	 ﾠIn	 ﾠindividual	 ﾠembryos	 ﾠseveral	 ﾠ
different	 ﾠalleles	 ﾠwere	 ﾠsequenced,	 ﾠshowing	 ﾠa	 ﾠvariety	 ﾠof	 ﾠinsertions	 ﾠand	 ﾠdeletions	 ﾠ
around	 ﾠthe	 ﾠligation	 ﾠsite.	 ﾠ	 ﾠNone	 ﾠof	 ﾠthe	 ﾠobserved	 ﾠPCR	 ﾠproducts	 ﾠshowed	 ﾠprecise	 ﾠ
ligation,	 ﾠhowever	 ﾠsome	 ﾠcontained	 ﾠindels	 ﾠthat	 ﾠkept	 ﾠthe	 ﾠeGFP	 ﾠprotein	 ﾠin-ﾭ‐frame.	 ﾠ	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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6.4  Selecting	 ﾠembryos	 ﾠfor	 ﾠinsertion	 ﾠsignificantly	 ﾠimproves	 ﾠgermline	 ﾠ
transmission	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthe	 ﾠinsertion	 ﾠcan	 ﾠbe	 ﾠpassed	 ﾠon	 ﾠthrough	 ﾠthe	 ﾠ
germ-ﾭ‐line,	 ﾠI	 ﾠallowed	 ﾠthe	 ﾠinjected	 ﾠembryos	 ﾠto	 ﾠdevelop	 ﾠto	 ﾠadulthood	 ﾠand	 ﾠbegan	 ﾠ
analysing	 ﾠtheir	 ﾠprogeny	 ﾠby	 ﾠGFP	 ﾠexpression	 ﾠand	 ﾠby	 ﾠPCR.	 ﾠ	 ﾠNone	 ﾠof	 ﾠthe	 ﾠadult	 ﾠfish	 ﾠ
analysed	 ﾠwere	 ﾠfound	 ﾠto	 ﾠtransmit	 ﾠthe	 ﾠinsertion	 ﾠ(0/23,	 ﾠdata	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠExamining	 ﾠ
the	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠboth	 ﾠplzfa	 ﾠTALENs	 ﾠand	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠrevealed	 ﾠ
that	 ﾠin-ﾭ‐frame	 ﾠintegration	 ﾠis	 ﾠhighly	 ﾠmosaic;	 ﾠsome	 ﾠembryos	 ﾠhave	 ﾠwidespread	 ﾠGFP	 ﾠ
expression	 ﾠwhilst	 ﾠin	 ﾠothers	 ﾠonly	 ﾠa	 ﾠfew	 ﾠcells	 ﾠcan	 ﾠbe	 ﾠobserved	 ﾠ(Figure	 ﾠ6-ﾭ‐4a-ﾭ‐d).	 ﾠ	 ﾠThis	 ﾠ
suggested	 ﾠthat	 ﾠgerm-ﾭ‐line	 ﾠefficiency	 ﾠcould	 ﾠbe	 ﾠsignificantly	 ﾠimproved	 ﾠby	 ﾠonly	 ﾠgrowing	 ﾠ
up	 ﾠembryos	 ﾠthat	 ﾠhave	 ﾠbeen	 ﾠselected	 ﾠfor	 ﾠthe	 ﾠhighest	 ﾠamount	 ﾠof	 ﾠintegration.	 ﾠ
In	 ﾠthe	 ﾠcurrent	 ﾠstrategy,	 ﾠGFP	 ﾠis	 ﾠbeing	 ﾠexpressed	 ﾠfrom	 ﾠthe	 ﾠendogenous	 ﾠplzfa	 ﾠ
transcriptional	 ﾠmachinery,	 ﾠresulting	 ﾠin	 ﾠvery	 ﾠweak	 ﾠflorescence	 ﾠthat	 ﾠis	 ﾠdifficult	 ﾠto	 ﾠ
detect	 ﾠby	 ﾠwide-ﾭ‐field	 ﾠfluorescence.	 ﾠ	 ﾠTo	 ﾠmake	 ﾠit	 ﾠsimpler	 ﾠto	 ﾠselect	 ﾠembryos,	 ﾠI	 ﾠreplaced	 ﾠ
the	 ﾠeGFP	 ﾠcassette	 ﾠwith	 ﾠone	 ﾠcontaining	 ﾠthe	 ﾠtranscriptional	 ﾠactivator	 ﾠGAL4	 ﾠand	 ﾠan	 ﾠ
amplifying	 ﾠreporter	 ﾠcassette	 ﾠ(plzfa	 ﾠGAL4	 ﾠdonor).	 ﾠ	 ﾠThis	 ﾠamplifying	 ﾠreporter	 ﾠis	 ﾠ
composed	 ﾠof	 ﾠ5	 ﾠcopies	 ﾠof	 ﾠthe	 ﾠGAL4	 ﾠbinding	 ﾠsites	 ﾠ(UAS),	 ﾠfollowed	 ﾠby	 ﾠthe	 ﾠE1b	 ﾠbasal	 ﾠ
promoter	 ﾠand	 ﾠthe	 ﾠfluorescent	 ﾠtdTomato	 ﾠprotein	 ﾠ(Figure	 ﾠ6-ﾭ‐4e).	 ﾠ	 ﾠSimilar	 ﾠamplification	 ﾠ
cassettes	 ﾠhave	 ﾠbeen	 ﾠused	 ﾠin	 ﾠthe	 ﾠgeneration	 ﾠof	 ﾠenhancer	 ﾠtrap	 ﾠlines	 ﾠand	 ﾠhave	 ﾠbeen	 ﾠ
found	 ﾠto	 ﾠproduce	 ﾠstrong	 ﾠfluorescent	 ﾠsignal	 ﾠ(Distel	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠI	 ﾠfound	 ﾠthat	 ﾠinjection	 ﾠ
of	 ﾠthis	 ﾠplasmid	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠresulted	 ﾠin	 ﾠstrong	 ﾠtdTomato	 ﾠexpression	 ﾠ
allowing	 ﾠsimple	 ﾠselection	 ﾠof	 ﾠembryos	 ﾠcontaining	 ﾠthe	 ﾠhighest	 ﾠdegree	 ﾠof	 ﾠin-ﾭ‐frame	 ﾠ
integration	 ﾠ(Figure	 ﾠ6-ﾭ‐4f-ﾭ‐i).	 ﾠ
A	 ﾠcommonly	 ﾠused	 ﾠmethod	 ﾠto	 ﾠidentify	 ﾠcarriers	 ﾠduring	 ﾠTol2	 ﾠtransgenesis	 ﾠis	 ﾠto	 ﾠ
insert	 ﾠan	 ﾠinternal	 ﾠreporter	 ﾠthat	 ﾠcontains	 ﾠthe	 ﾠalpha	 ﾠcrystalline	 ﾠpromoter	 ﾠdriving	 ﾠ
expression	 ﾠof	 ﾠa	 ﾠfluorescent	 ﾠprotein	 ﾠwithin	 ﾠthe	 ﾠlens	 ﾠof	 ﾠthe	 ﾠembryos	 ﾠ(Gerety	 ﾠand	 ﾠ
Wilkinson,	 ﾠ2011).	 ﾠ	 ﾠFluorescence	 ﾠcan	 ﾠbe	 ﾠobserved	 ﾠfrom	 ﾠaround	 ﾠ2	 ﾠdays	 ﾠof	 ﾠ
development	 ﾠand	 ﾠis	 ﾠclearly	 ﾠobserved	 ﾠby	 ﾠ3	 ﾠdays.	 ﾠ	 ﾠTol2-ﾭ‐mediated	 ﾠDNA	 ﾠintegration	 ﾠin	 ﾠ
the	 ﾠlens	 ﾠhas	 ﾠpreviously	 ﾠbeen	 ﾠassociated	 ﾠwith	 ﾠhigh	 ﾠsomatic	 ﾠtransposition	 ﾠthroughout	 ﾠ
the	 ﾠembryo	 ﾠ(Balciunas	 ﾠet	 ﾠal.,	 ﾠ2006)	 ﾠand	 ﾠunpublished	 ﾠexperiments	 ﾠfrom	 ﾠthe	 ﾠWilkinson	 ﾠ
lab	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠselecting	 ﾠinjected	 ﾠembryos	 ﾠwith	 ﾠfluorescent	 ﾠeyes	 ﾠpositively	 ﾠChapter	 ﾠ6:	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 ﾠ
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correlates	 ﾠwith	 ﾠhigh	 ﾠgermline	 ﾠtransmission.	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠincluded	 ﾠthis	 ﾠinternal	 ﾠ
reporter	 ﾠwithin	 ﾠthe	 ﾠeGFP	 ﾠand	 ﾠGAL4	 ﾠdonor	 ﾠplasmids	 ﾠ(Figure	 ﾠ6-ﾭ‐4e;	 ﾠeGFP	 ﾠACR	 ﾠ&	 ﾠGAL4	 ﾠ
ACC)	 ﾠand	 ﾠselected	 ﾠinjected	 ﾠembryos	 ﾠthat	 ﾠcontained	 ﾠred	 ﾠor	 ﾠgreen	 ﾠeyes	 ﾠ(Figure	 ﾠ6-ﾭ‐4j-ﾭ‐
m).	 ﾠ	 ﾠThis	 ﾠinternal	 ﾠreporter	 ﾠis	 ﾠdependent	 ﾠupon	 ﾠits	 ﾠown	 ﾠpromoter	 ﾠand	 ﾠtherefore	 ﾠwill	 ﾠbe	 ﾠ
expressed	 ﾠin	 ﾠembryos	 ﾠwhere	 ﾠthe	 ﾠinsertion	 ﾠhas	 ﾠhappened,	 ﾠirrespective	 ﾠof	 ﾠwhether	 ﾠit	 ﾠ
is	 ﾠin-ﾭ‐frame	 ﾠor	 ﾠnot.	 ﾠ
Embryos	 ﾠinjected	 ﾠwith	 ﾠthe	 ﾠplzfa	 ﾠeGFP	 ﾠACR	 ﾠdonor	 ﾠplasmid	 ﾠthat	 ﾠwere	 ﾠselected	 ﾠ
for	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠred	 ﾠeyes	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠadulthood	 ﾠand	 ﾠtheir	 ﾠprogeny	 ﾠscreened.	 ﾠ	 ﾠI	 ﾠ
found	 ﾠthat	 ﾠ2	 ﾠout	 ﾠof	 ﾠ8	 ﾠof	 ﾠthe	 ﾠfounders	 ﾠtransmitted	 ﾠthe	 ﾠinsertion	 ﾠto	 ﾠtheir	 ﾠprogeny,	 ﾠ
revealed	 ﾠby	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠRFP	 ﾠfluorescence	 ﾠin	 ﾠthe	 ﾠlens	 ﾠof	 ﾠthe	 ﾠF1	 ﾠembryos	 ﾠ(Figure	 ﾠ
6-ﾭ‐5a).	 ﾠ	 ﾠNo	 ﾠeGFP	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠthese	 ﾠembryos,	 ﾠsuggesting	 ﾠthat	 ﾠthe	 ﾠinsertion	 ﾠwas	 ﾠ
out-ﾭ‐of-ﾭ‐frame,	 ﾠand	 ﾠthis	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠPCR	 ﾠand	 ﾠsequencing	 ﾠ(Figure	 ﾠ6-ﾭ‐5f).	 ﾠ	 ﾠEmbryos	 ﾠ
injected	 ﾠwith	 ﾠplzfa	 ﾠGAL4	 ﾠACC	 ﾠdonor	 ﾠplasmid	 ﾠand	 ﾠselected	 ﾠfor	 ﾠhigh	 ﾠtdTomato	 ﾠ
expression	 ﾠwere	 ﾠfound	 ﾠto	 ﾠalso	 ﾠtransmit	 ﾠthe	 ﾠinsertion	 ﾠto	 ﾠthe	 ﾠprogeny.	 ﾠ	 ﾠOut	 ﾠof	 ﾠ19	 ﾠ
tested,	 ﾠ5	 ﾠtransmitted	 ﾠthe	 ﾠinsertion	 ﾠand	 ﾠ1	 ﾠof	 ﾠthese	 ﾠtransmitted	 ﾠinsertions	 ﾠthat	 ﾠare	 ﾠin-ﾭ‐
frame.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠdetermined	 ﾠby	 ﾠobserving	 ﾠtdTomato	 ﾠexpression	 ﾠthroughout	 ﾠthe	 ﾠCNS	 ﾠ
of	 ﾠembryos	 ﾠproduced	 ﾠfrom	 ﾠthis	 ﾠfounder,	 ﾠas	 ﾠwell	 ﾠas	 ﾠcitrine	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠlens	 ﾠ
(Figure	 ﾠ6-ﾭ‐5b-ﾭ‐e),	 ﾠand	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠsequencing	 ﾠ(Figure	 ﾠ6-ﾭ‐5f).	 ﾠ	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠconfirm	 ﾠthat	 ﾠthe	 ﾠtransgenic	 ﾠlines	 ﾠproduced	 ﾠaccurately	 ﾠreflect	 ﾠthe	 ﾠ
plzfa	 ﾠexpression	 ﾠpatterns,	 ﾠI	 ﾠcrossed	 ﾠthe	 ﾠTg(plzfa:GAL4;	 ﾠUAS:tdTomato;	 ﾠACC)	 ﾠfounder	 ﾠ
fish	 ﾠwith	 ﾠa	 ﾠprevious	 ﾠgenerated	 ﾠtransgenic	 ﾠline	 ﾠTg(UAS:H2B-ﾭ‐Citrine)	 ﾠ(Nikolaou	 ﾠet	 ﾠal.,	 ﾠ
2009),	 ﾠwhich	 ﾠwill	 ﾠdrive	 ﾠnuclear	 ﾠcitrine	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠGAL4	 ﾠexpressing	 ﾠcells.	 ﾠ	 ﾠI	 ﾠ
examined	 ﾠexpression	 ﾠat	 ﾠ12	 ﾠhpf,	 ﾠwhere	 ﾠthe	 ﾠplzfa	 ﾠtranscript	 ﾠexpression	 ﾠis	 ﾠabsent	 ﾠfrom	 ﾠ
the	 ﾠanterior	 ﾠhindbrain	 ﾠ(Figure	 ﾠ4-ﾭ‐2a	 ﾠ&	 ﾠFigure	 ﾠ6-ﾭ‐5g).	 ﾠ	 ﾠI	 ﾠobserved	 ﾠH2B-ﾭ‐Citrine	 ﾠexpression	 ﾠ
in	 ﾠthe	 ﾠsame	 ﾠregions	 ﾠas	 ﾠPlzfa	 ﾠprotein	 ﾠis	 ﾠexpressed,	 ﾠindicating	 ﾠthat	 ﾠthe	 ﾠtransgenic	 ﾠline	 ﾠ
does	 ﾠaccurately	 ﾠrecapitulate	 ﾠplzfa	 ﾠexpression	 ﾠ(Figure	 ﾠ6-ﾭ‐5g-ﾭ‐i).	 ﾠ	 ﾠComparing	 ﾠexpression	 ﾠ
in	 ﾠthe	 ﾠhindbrain	 ﾠat	 ﾠ24	 ﾠhpf	 ﾠshows	 ﾠboth	 ﾠPlzfa	 ﾠand	 ﾠH2B-ﾭ‐Citrine	 ﾠexpression	 ﾠthroughout	 ﾠ
the	 ﾠhindbrain	 ﾠand	 ﾠdeveloping	 ﾠotic	 ﾠvesicle	 ﾠ(Figure	 ﾠ6-ﾭ‐5j-ﾭ‐l).	 ﾠ	 ﾠIn	 ﾠclutches	 ﾠof	 ﾠembryos	 ﾠ
obtained	 ﾠfrom	 ﾠindividual	 ﾠfounders,	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠembryos	 ﾠtransmitting	 ﾠthe	 ﾠ
transgene	 ﾠranged	 ﾠfrom	 ﾠ2%	 ﾠ(1/43	 ﾠembryos)	 ﾠto	 ﾠ38%	 ﾠ(21/56	 ﾠembryos).	 ﾠ	 ﾠThe	 ﾠgermline	 ﾠ
data	 ﾠis	 ﾠsummarised	 ﾠin	 ﾠFigure	 ﾠ6-ﾭ‐5m.Chapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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Figure	 ﾠ6-ﾭ‐4:	 ﾠMethods	 ﾠof	 ﾠpositive	 ﾠselection	 ﾠ	 ﾠ
a-ﾭ‐d:	 ﾠHigh	 ﾠdegree	 ﾠof	 ﾠmosaicism	 ﾠof	 ﾠinsertion	 ﾠin	 ﾠembryos.	 ﾠ	 ﾠ4	 ﾠrepresentative	 ﾠembryos	 ﾠ
showing	 ﾠGFP	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠ24	 ﾠhpf	 ﾠhindbrain.	 ﾠ	 ﾠScale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
e:	 ﾠCartoon	 ﾠshowing	 ﾠchanges	 ﾠmade	 ﾠto	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠto	 ﾠaid	 ﾠwith	 ﾠembryo	 ﾠ
selection.	 ﾠ	 ﾠThe	 ﾠeGFP	 ﾠcoding	 ﾠsequence	 ﾠwas	 ﾠexchanged	 ﾠfor	 ﾠa	 ﾠGAL4	 ﾠcassette	 ﾠcontaining	 ﾠ
GAL4	 ﾠ–	 ﾠpolyA,	 ﾠfollowed	 ﾠby	 ﾠ5	 ﾠx	 ﾠUAS	 ﾠand	 ﾠtdTomato	 ﾠunder	 ﾠthe	 ﾠcontrol	 ﾠof	 ﾠthe	 ﾠE1b	 ﾠ
promoter.	 ﾠ	 ﾠThis	 ﾠplasmid	 ﾠbecomes	 ﾠ‘plzfa	 ﾠGAL4	 ﾠDonor’.	 ﾠ	 ﾠThe	 ﾠinternal	 ﾠreporter	 ﾠalpha	 ﾠ
crystalline	 ﾠRFP	 ﾠor	 ﾠalpha	 ﾠcrystalline	 ﾠcitrine	 ﾠ(ACR	 ﾠ&	 ﾠACC	 ﾠrespectively)	 ﾠwas	 ﾠinserted	 ﾠinto	 ﾠ
the	 ﾠdonor	 ﾠplasmids.	 ﾠ	 ﾠThese	 ﾠbecame	 ﾠplzfa	 ﾠACR	 ﾠDonor	 ﾠand	 ﾠplzfa	 ﾠGAL4	 ﾠACC	 ﾠDonor	 ﾠ
respectively.	 ﾠ	 ﾠSequences	 ﾠfor	 ﾠthese	 ﾠcassettes	 ﾠare	 ﾠshown	 ﾠin	 ﾠAppendix	 ﾠFigure	 ﾠ8-ﾭ‐8.	 ﾠ	 ﾠ
f-ﾭ‐i:	 ﾠExample	 ﾠof	 ﾠliving	 ﾠembryos	 ﾠat	 ﾠ72	 ﾠhpf	 ﾠthat	 ﾠwere	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠand	 ﾠ
plzfa	 ﾠGAL4	 ﾠDonor,	 ﾠshowing	 ﾠwidespread	 ﾠtdTomato	 ﾠexpression	 ﾠ(g	 ﾠ&	 ﾠi).	 ﾠ
j-ﾭ‐m:	 ﾠExample	 ﾠof	 ﾠembryos	 ﾠinjected	 ﾠeither	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠand	 ﾠplzfa	 ﾠACR	 ﾠDonor	 ﾠ
showing	 ﾠred	 ﾠeyes	 ﾠ(k),	 ﾠor	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠand	 ﾠplzfa	 ﾠGAL4	 ﾠACC	 ﾠDonor	 ﾠ
showing	 ﾠgreen	 ﾠeyes	 ﾠ(m).	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Figure	 ﾠ6-ﾭ‐4	 ﾠ
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Figure	 ﾠ6-ﾭ‐5:	 ﾠGermline	 ﾠtransmission	 ﾠof	 ﾠinsertion	 ﾠ	 ﾠ
a:	 ﾠExample	 ﾠof	 ﾠ3	 ﾠdpf	 ﾠF1	 ﾠembryos	 ﾠobtained	 ﾠfrom	 ﾠa	 ﾠplzfa	 ﾠACR	 ﾠinjected	 ﾠfounder	 ﾠfish	 ﾠ
crossed	 ﾠto	 ﾠwild	 ﾠtype.	 ﾠ	 ﾠThese	 ﾠembryos	 ﾠdidn’t	 ﾠdisplay	 ﾠany	 ﾠeGFP	 ﾠexpression	 ﾠ(data	 ﾠnot	 ﾠ
shown),	 ﾠbut	 ﾠseveral	 ﾠdid	 ﾠcontain	 ﾠmRFP	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠlens.	 ﾠ	 ﾠThis	 ﾠindicates	 ﾠthat	 ﾠ
insertion	 ﾠhas	 ﾠoccurred,	 ﾠbut	 ﾠisn’t	 ﾠin-ﾭ‐frame.	 ﾠ
b-ﾭ‐e:	 ﾠExample	 ﾠof	 ﾠa	 ﾠ40	 ﾠhpf	 ﾠF1	 ﾠembryo	 ﾠobtained	 ﾠfrom	 ﾠa	 ﾠplzfa	 ﾠGAL4	 ﾠACC	 ﾠinjected	 ﾠ
founder	 ﾠfish	 ﾠcrossed	 ﾠto	 ﾠwild	 ﾠtype.	 ﾠ	 ﾠThis	 ﾠembryo	 ﾠshows	 ﾠtdTomato	 ﾠexpression	 ﾠthrough	 ﾠ
the	 ﾠCNS	 ﾠ(c)	 ﾠand	 ﾠcitrine	 ﾠexpressed	 ﾠin	 ﾠthe	 ﾠlens	 ﾠ(d),	 ﾠindicating	 ﾠthat	 ﾠthe	 ﾠinsertion	 ﾠis	 ﾠ
present	 ﾠand	 ﾠis	 ﾠin-ﾭ‐frame.	 ﾠ
f:	 ﾠSequencing	 ﾠresults	 ﾠobtained	 ﾠfrom	 ﾠindividual	 ﾠF1	 ﾠembryos	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠ
indicated	 ﾠF0	 ﾠfounder	 ﾠfish.	 ﾠ
g-ﾭ‐l:	 ﾠThe	 ﾠTg(plzfa:GAL4;	 ﾠUAS;tdTomato;	 ﾠACC)	 ﾠfounder	 ﾠfish	 ﾠidentified	 ﾠwas	 ﾠcrossed	 ﾠto	 ﾠ
the	 ﾠtransgenic	 ﾠline	 ﾠTg(UAS:H2B-ﾭ‐Citrine)	 ﾠand	 ﾠembryos	 ﾠanalysed	 ﾠby	 ﾠIHC.	 ﾠ	 ﾠAt	 ﾠ12	 ﾠhpf,	 ﾠ
Plzfa	 ﾠprotein	 ﾠexpression	 ﾠis	 ﾠabsent	 ﾠfrom	 ﾠthe	 ﾠanterior	 ﾠhindbrain	 ﾠ(g).	 ﾠ	 ﾠA	 ﾠsimilarly	 ﾠ
restricted	 ﾠexpression	 ﾠpattern	 ﾠis	 ﾠobserved	 ﾠfor	 ﾠthe	 ﾠH2B-ﾭ‐Citrine	 ﾠexpression	 ﾠ(h).	 ﾠ	 ﾠAt	 ﾠ24	 ﾠ
hpf,	 ﾠboth	 ﾠPlzfa	 ﾠexpression	 ﾠ(j)	 ﾠand	 ﾠH2B-ﾭ‐Citrine	 ﾠ(k)	 ﾠare	 ﾠpresent	 ﾠthrough	 ﾠthe	 ﾠhindbrain	 ﾠ
and	 ﾠotic	 ﾠvesicle.	 ﾠ	 ﾠScale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm.	 ﾠ
m:	 ﾠSummary	 ﾠof	 ﾠdata	 ﾠobtained	 ﾠfrom	 ﾠgermline	 ﾠtransmission.	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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6.5  Strategies	 ﾠfor	 ﾠimproving	 ﾠthe	 ﾠtechnique	 ﾠ
Improving	 ﾠinsertion	 ﾠprecision	 ﾠ
I	 ﾠattempted	 ﾠseveral	 ﾠmethods	 ﾠto	 ﾠimprove	 ﾠthe	 ﾠprecision	 ﾠof	 ﾠthe	 ﾠinsertion	 ﾠevent	 ﾠ
with	 ﾠthe	 ﾠaim	 ﾠto	 ﾠensure	 ﾠthe	 ﾠinsertion	 ﾠevents	 ﾠoccur	 ﾠin-ﾭ‐frame.	 ﾠ	 ﾠThe	 ﾠpreviously	 ﾠpublished	 ﾠ
results	 ﾠin	 ﾠvitro	 ﾠsuggested	 ﾠthat	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠligation	 ﾠevents	 ﾠwere	 ﾠoccurring	 ﾠ
precisely	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠand	 ﾠtherefore	 ﾠI	 ﾠexamined	 ﾠthe	 ﾠmethod	 ﾠfurther	 ﾠto	 ﾠ
determine	 ﾠwhether	 ﾠthere	 ﾠwere	 ﾠany	 ﾠdifferences	 ﾠthat	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠthese	 ﾠresults.	 ﾠ	 ﾠ
One	 ﾠdifference	 ﾠis	 ﾠthe	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠFokI	 ﾠnuclease	 ﾠthat	 ﾠensures	 ﾠthe	 ﾠTALENs	 ﾠare	 ﾠ
heterodimeric.	 ﾠ	 ﾠThe	 ﾠvariant	 ﾠthat	 ﾠI	 ﾠuse	 ﾠcontains	 ﾠa	 ﾠsingle	 ﾠmutation;	 ﾠR487D	 ﾠ(DD)	 ﾠand	 ﾠ
D384R	 ﾠ(RR)	 ﾠfor	 ﾠthe	 ﾠleft	 ﾠand	 ﾠright	 ﾠTALENs	 ﾠrespectively	 ﾠ(L_DD	 ﾠ+	 ﾠL_RR),	 ﾠwhilst	 ﾠthe	 ﾠ
published	 ﾠresults	 ﾠuse	 ﾠdouble	 ﾠmutants;	 ﾠE490K,	 ﾠI538K	 ﾠ(KK)	 ﾠand	 ﾠQ486E,	 ﾠI499L	 ﾠ(EL).	 ﾠ	 ﾠI	 ﾠ
aimed	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠusing	 ﾠthese	 ﾠdifferent	 ﾠFokI	 ﾠmutants	 ﾠwould	 ﾠaffect	 ﾠthe	 ﾠ
accuracy	 ﾠof	 ﾠinsertion.	 ﾠ
I	 ﾠinserted	 ﾠthe	 ﾠleft	 ﾠand	 ﾠright	 ﾠplzfa	 ﾠTALEN	 ﾠbinding	 ﾠsites	 ﾠinto	 ﾠthe	 ﾠKK	 ﾠand	 ﾠEL	 ﾠ
TALEN	 ﾠbackbone	 ﾠrespectively	 ﾠ(L_KK	 ﾠ+	 ﾠR_EL)	 ﾠand	 ﾠinjected	 ﾠthese	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠ
embryo.	 ﾠ	 ﾠPerforming	 ﾠHRM	 ﾠaround	 ﾠthe	 ﾠplzfa	 ﾠtarget	 ﾠsite	 ﾠreveals	 ﾠa	 ﾠsimilar	 ﾠdeviation	 ﾠ
from	 ﾠthe	 ﾠuninjected	 ﾠmelt	 ﾠcurves	 ﾠas	 ﾠobserved	 ﾠfor	 ﾠthe	 ﾠL_DD	 ﾠ+	 ﾠR_RR	 ﾠinjections	 ﾠ(Figure	 ﾠ
6-ﾭ‐6a).	 ﾠ	 ﾠI	 ﾠused	 ﾠthese	 ﾠdouble	 ﾠmutant	 ﾠTALENs	 ﾠto	 ﾠinsert	 ﾠGFP	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus,	 ﾠobserving	 ﾠ
GFP	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠembryos	 ﾠ(52/75	 ﾠinjected).	 ﾠ	 ﾠSequencing	 ﾠthese	 ﾠ
embryos	 ﾠrevealed	 ﾠa	 ﾠsimilar	 ﾠextent	 ﾠof	 ﾠinsertions	 ﾠand	 ﾠdeletions	 ﾠaround	 ﾠthe	 ﾠintegration	 ﾠ
site	 ﾠas	 ﾠobserved	 ﾠwith	 ﾠthe	 ﾠDD/RR	 ﾠTALENs	 ﾠ(Figure	 ﾠ6-ﾭ‐6b).	 ﾠ	 ﾠI	 ﾠalso	 ﾠconfirmed	 ﾠthat	 ﾠa	 ﾠpair	 ﾠof	 ﾠ
arrays	 ﾠwhich	 ﾠboth	 ﾠcontained	 ﾠthe	 ﾠDD	 ﾠmutation	 ﾠ(L_DD	 ﾠ+	 ﾠR_DD)	 ﾠwas	 ﾠunable	 ﾠto	 ﾠinduce	 ﾠ
mutations	 ﾠ(Figure	 ﾠ6-ﾭ‐6a),	 ﾠsuggesting	 ﾠthat	 ﾠthe	 ﾠindels	 ﾠobserved	 ﾠare	 ﾠnot	 ﾠcaused	 ﾠby	 ﾠthe	 ﾠ
TALENs	 ﾠbeing	 ﾠable	 ﾠto	 ﾠbind	 ﾠthe	 ﾠligation	 ﾠproduct.	 ﾠ	 ﾠ
Previous	 ﾠexperiments	 ﾠto	 ﾠlimit	 ﾠthe	 ﾠextent	 ﾠof	 ﾠindels	 ﾠproduced	 ﾠby	 ﾠtargetable	 ﾠ
nuclease	 ﾠhave	 ﾠinvolved	 ﾠgenerating	 ﾠa	 ﾠ‘nicking’	 ﾠversion	 ﾠof	 ﾠthe	 ﾠnuclease	 ﾠ(nickase)	 ﾠthat	 ﾠ
induces	 ﾠsingle	 ﾠstranded	 ﾠbreaks	 ﾠrather	 ﾠthan	 ﾠdouble	 ﾠstranded	 ﾠbreaks	 ﾠ(Wang	 ﾠet	 ﾠal.,	 ﾠ
2012,	 ﾠRamirez	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠKim	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠRan	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠPaired	 ﾠnickases,	 ﾠwhich	 ﾠ
produce	 ﾠtwo	 ﾠsingle	 ﾠstranded	 ﾠbreaks	 ﾠon	 ﾠdifferent	 ﾠDNA	 ﾠstrands,	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠ
precisely	 ﾠintegrate	 ﾠdonor	 ﾠDNA	 ﾠcontaining	 ﾠcomplementary	 ﾠoverhangs	 ﾠ(Ran	 ﾠet	 ﾠal.,	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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2013).	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠaimed	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠI	 ﾠcould	 ﾠuse	 ﾠdouble	 ﾠnicking	 ﾠTALENs	 ﾠto	 ﾠ
more	 ﾠprecisely	 ﾠinsert	 ﾠexogenous	 ﾠDNA	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus.	 ﾠ
In	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠa	 ﾠnickase,	 ﾠI	 ﾠintroduced	 ﾠa	 ﾠmutation	 ﾠ(D450A)	 ﾠknown	 ﾠto	 ﾠ
render	 ﾠthe	 ﾠFokI	 ﾠcatalytically	 ﾠinactive	 ﾠ(Sanders	 ﾠet	 ﾠal.,	 ﾠ2009)	 ﾠin	 ﾠthe	 ﾠRR	 ﾠTALEN	 ﾠ
backbone.	 ﾠ	 ﾠWhen	 ﾠthis	 ﾠinactive	 ﾠarray	 ﾠ(rr)	 ﾠheterodimerises	 ﾠwith	 ﾠthe	 ﾠactive	 ﾠDD	 ﾠarray,	 ﾠa	 ﾠ
single	 ﾠstranded	 ﾠbreak	 ﾠwith	 ﾠbe	 ﾠinduced	 ﾠ(Figure	 ﾠ6-ﾭ‐6c).	 ﾠ	 ﾠInserting	 ﾠtwo	 ﾠpairs	 ﾠof	 ﾠnickases	 ﾠ
(L_DD	 ﾠ+	 ﾠR_rr	 ﾠ+	 ﾠR_DD	 ﾠ+	 ﾠL_rr)	 ﾠwill	 ﾠgenerate	 ﾠa	 ﾠdouble-ﾭ‐stranded	 ﾠbreak	 ﾠas	 ﾠpreviously	 ﾠ
described	 ﾠ(Kim	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠThe	 ﾠextent	 ﾠof	 ﾠindel	 ﾠformation	 ﾠproduced	 ﾠby	 ﾠinjection	 ﾠof	 ﾠ
RNA	 ﾠencoding	 ﾠthe	 ﾠ4	 ﾠarrays	 ﾠtogether	 ﾠwas	 ﾠanalysed	 ﾠby	 ﾠHRM	 ﾠ(Figure	 ﾠ6-ﾭ‐6d).	 ﾠ	 ﾠThe	 ﾠmelt	 ﾠ
curves	 ﾠwere	 ﾠobserved	 ﾠto	 ﾠslightly	 ﾠdiffer	 ﾠfrom	 ﾠwild	 ﾠtype,	 ﾠsuggesting	 ﾠthat	 ﾠindels	 ﾠare	 ﾠ
produced	 ﾠbut	 ﾠnot	 ﾠas	 ﾠextensively	 ﾠas	 ﾠwhen	 ﾠusing	 ﾠthe	 ﾠwild-ﾭ‐type	 ﾠTALENs	 ﾠ(compare	 ﾠwith	 ﾠ
Figure	 ﾠ6-ﾭ‐6a).	 ﾠ
I	 ﾠsubsequently	 ﾠinjected	 ﾠthe	 ﾠdouble	 ﾠnicking	 ﾠTALENs	 ﾠtogether	 ﾠwith	 ﾠthe	 ﾠplzfa	 ﾠ
donor	 ﾠplasmid	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠembryo.	 ﾠ	 ﾠI	 ﾠfound	 ﾠthat	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠintegration	 ﾠ
was	 ﾠlower	 ﾠthan	 ﾠobserved	 ﾠwhen	 ﾠusing	 ﾠthe	 ﾠwild	 ﾠtype	 ﾠTALENs,	 ﾠobserving	 ﾠintegration	 ﾠin	 ﾠ
1	 ﾠout	 ﾠof	 ﾠ5	 ﾠembryos	 ﾠtested.	 ﾠ	 ﾠSequencing	 ﾠthe	 ﾠPCR	 ﾠproduct	 ﾠfor	 ﾠthe	 ﾠ5’	 ﾠligation	 ﾠevent	 ﾠ
from	 ﾠthis	 ﾠembryo	 ﾠrevealed	 ﾠthat	 ﾠthe	 ﾠinsertion	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠinsertions	 ﾠand	 ﾠ
deletions	 ﾠof	 ﾠnucleotides.	 ﾠ	 ﾠ
Removing	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠ
The	 ﾠdescribed	 ﾠtechnique	 ﾠinvolves	 ﾠthe	 ﾠinsertion	 ﾠof	 ﾠthe	 ﾠentire	 ﾠplasmid	 ﾠinto	 ﾠthe	 ﾠ
zebrafish	 ﾠgenome.	 ﾠ	 ﾠI	 ﾠaimed	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠI	 ﾠcould	 ﾠinsert	 ﾠthe	 ﾠexpression	 ﾠ
cassette	 ﾠinto	 ﾠthe	 ﾠcorrect	 ﾠlocus	 ﾠwithout	 ﾠthe	 ﾠvector	 ﾠbackbone.	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠdo	 ﾠthis,	 ﾠI	 ﾠ
designed	 ﾠa	 ﾠsecond	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠ(plzfa	 ﾠdonor	 ﾠplasmid	 ﾠv2)	 ﾠthat	 ﾠcontains	 ﾠtwo	 ﾠ
inverted	 ﾠplzfa	 ﾠTALEN	 ﾠbinding	 ﾠsites	 ﾠflanking	 ﾠthe	 ﾠcassette	 ﾠ(Figure	 ﾠ6-ﾭ‐7b).	 ﾠ	 ﾠI	 ﾠhypothesised	 ﾠ
that	 ﾠthe	 ﾠTALENs	 ﾠwill	 ﾠcut	 ﾠat	 ﾠboth	 ﾠsites	 ﾠin	 ﾠthe	 ﾠplasmid	 ﾠas	 ﾠwell	 ﾠas	 ﾠa	 ﾠsingle	 ﾠsite	 ﾠin	 ﾠthe	 ﾠ
genome,	 ﾠtherefore	 ﾠinserting	 ﾠonly	 ﾠthe	 ﾠeGFP	 ﾠcassette	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠ(Figure	 ﾠ6-ﾭ‐7b-ﾭ‐
e).	 ﾠ	 ﾠIn	 ﾠorder	 ﾠto	 ﾠprevent	 ﾠthe	 ﾠpossibility	 ﾠof	 ﾠonly	 ﾠa	 ﾠsingle	 ﾠsite	 ﾠbeing	 ﾠcut	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠ
plasmid	 ﾠv2	 ﾠand	 ﾠinsertion	 ﾠof	 ﾠthe	 ﾠentire	 ﾠplasmid,	 ﾠI	 ﾠdigested	 ﾠand	 ﾠpurified	 ﾠa	 ﾠlinear	 ﾠ
fragment	 ﾠof	 ﾠthe	 ﾠplasmid	 ﾠ(Figure	 ﾠ6-ﾭ‐7c).	 ﾠ	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Figure	 ﾠ6-ﾭ‐6:	 ﾠChanging	 ﾠthe	 ﾠFokI	 ﾠnuclease	 ﾠ	 ﾠ
a:	 ﾠHRM	 ﾠcurves	 ﾠfor	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠvarious	 ﾠcombinations	 ﾠof	 ﾠplzfa	 ﾠTALENs.	 ﾠ	 ﾠ
Both	 ﾠthe	 ﾠDD	 ﾠ+	 ﾠRR	 ﾠ(red	 ﾠlines)	 ﾠand	 ﾠKK	 ﾠ+	 ﾠEL	 ﾠ(blue	 ﾠlines)	 ﾠTALEN	 ﾠinjected	 ﾠembryos	 ﾠmelt	 ﾠ
curves	 ﾠdeviate	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠcurves	 ﾠ(black	 ﾠlines)	 ﾠto	 ﾠa	 ﾠsimilar	 ﾠextent.	 ﾠ	 ﾠThe	 ﾠ
curves	 ﾠproduced	 ﾠfrom	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠLeft	 ﾠand	 ﾠRight	 ﾠTALEN	 ﾠarrays	 ﾠboth	 ﾠ
containing	 ﾠthe	 ﾠDD	 ﾠFokI	 ﾠvariant	 ﾠ(L_DD	 ﾠ+	 ﾠR_DD,	 ﾠorange	 ﾠlines)	 ﾠare	 ﾠindistinguishable	 ﾠ
from	 ﾠthe	 ﾠuninjected	 ﾠcurves.	 ﾠ
b:	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠand	 ﾠthe	 ﾠL_KK	 ﾠ+	 ﾠR_EL	 ﾠplzfa	 ﾠTALENs	 ﾠ
were	 ﾠsequenced	 ﾠaround	 ﾠthe	 ﾠ5’	 ﾠinsertion	 ﾠsite.	 ﾠ	 ﾠIndels	 ﾠare	 ﾠobserved	 ﾠaround	 ﾠthe	 ﾠspacer	 ﾠ
region.	 ﾠ
c:	 ﾠCartoon	 ﾠdemonstrating	 ﾠaction	 ﾠof	 ﾠdouble	 ﾠnickases.	 ﾠ	 ﾠL_DD	 ﾠ+	 ﾠR_rr	 ﾠTALENs	 ﾠ(i)	 ﾠare	 ﾠable	 ﾠ
to	 ﾠinduce	 ﾠa	 ﾠsingle	 ﾠstranded	 ﾠbreak	 ﾠ(nick)	 ﾠin	 ﾠthe	 ﾠforward	 ﾠstrand	 ﾠ(ii).	 ﾠ	 ﾠL_rr	 ﾠ+	 ﾠR_DD	 ﾠ(iii)	 ﾠ
TALENs	 ﾠbind	 ﾠand	 ﾠproduce	 ﾠa	 ﾠnick	 ﾠin	 ﾠthe	 ﾠreverse	 ﾠstrand	 ﾠ(iv).	 ﾠ	 ﾠAddition	 ﾠof	 ﾠall	 ﾠ4	 ﾠTALEN	 ﾠ
arrays	 ﾠtogether	 ﾠproduces	 ﾠa	 ﾠdouble-ﾭ‐stranded	 ﾠbreak.	 ﾠ	 ﾠ
d:	 ﾠHRM	 ﾠcurves	 ﾠfor	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠboth	 ﾠpairs	 ﾠof	 ﾠnicking	 ﾠTALENs.	 ﾠ	 ﾠInjected	 ﾠ
embryos	 ﾠmelt	 ﾠprofiles	 ﾠ(purple	 ﾠlines)	 ﾠslightly	 ﾠdiffer	 ﾠfrom	 ﾠthe	 ﾠuninjected	 ﾠprofiles	 ﾠ(black	 ﾠ
lines),	 ﾠindicating	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠsome	 ﾠindels	 ﾠ(7/13	 ﾠembryos).	 ﾠ	 ﾠ	 ﾠ
e:	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠthe	 ﾠtwo	 ﾠpairs	 ﾠof	 ﾠnicking	 ﾠTALENs	 ﾠwere	 ﾠsequenced	 ﾠaround	 ﾠ
the	 ﾠ5’	 ﾠinsertion	 ﾠsite.	 ﾠ	 ﾠIndels	 ﾠare	 ﾠobserved	 ﾠaround	 ﾠthe	 ﾠspacer	 ﾠregion.	 ﾠ	 ﾠ
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Figure	 ﾠ6-ﾭ‐6	 ﾠ
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Figure	 ﾠ6-ﾭ‐7:	 ﾠInsertion	 ﾠwithout	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠ	 ﾠ
a:	 ﾠLigation	 ﾠproduct	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠwith	 ﾠthe	 ﾠvector	 ﾠbackbone.	 ﾠ	 ﾠLocations	 ﾠof	 ﾠprimers	 ﾠ
to	 ﾠconfirm	 ﾠinsertion	 ﾠof	 ﾠvector	 ﾠbackbone	 ﾠ(F2	 ﾠ&	 ﾠR3)	 ﾠare	 ﾠshown	 ﾠin	 ﾠred.	 ﾠ
b-ﾭ‐e:	 ﾠCartoon	 ﾠdemonstrating	 ﾠtheory	 ﾠbehind	 ﾠinsertions	 ﾠwithout	 ﾠthe	 ﾠvector	 ﾠbackbone.	 ﾠ	 ﾠ
A	 ﾠsecond	 ﾠinverted	 ﾠplzfa	 ﾠTALEN	 ﾠbinding	 ﾠsite	 ﾠwas	 ﾠinserted	 ﾠinto	 ﾠthe	 ﾠdonor	 ﾠplasmid,	 ﾠsuch	 ﾠ
that	 ﾠthe	 ﾠ2	 ﾠpairs	 ﾠof	 ﾠsites	 ﾠflank	 ﾠthe	 ﾠP2A-ﾭ‐eGFP-ﾭ‐polyA	 ﾠcassette	 ﾠ(b).	 ﾠ	 ﾠThe	 ﾠplasmid	 ﾠwas	 ﾠ
digested	 ﾠusing	 ﾠthe	 ﾠAhdI	 ﾠand	 ﾠXmnI	 ﾠrestriction	 ﾠenzymes	 ﾠbefore	 ﾠinjection	 ﾠand	 ﾠthe	 ﾠ
resulting	 ﾠ3.6	 ﾠkb	 ﾠlinear	 ﾠfragment	 ﾠwas	 ﾠpurified	 ﾠ(c).	 ﾠ	 ﾠThis	 ﾠfragment	 ﾠwas	 ﾠinjected	 ﾠalong	 ﾠ
with	 ﾠthe	 ﾠplzfa	 ﾠTALENs	 ﾠinto	 ﾠthe	 ﾠzebrafish,	 ﾠresulting	 ﾠin	 ﾠboth	 ﾠsites	 ﾠbeing	 ﾠcut	 ﾠin	 ﾠthe	 ﾠ
plasmid	 ﾠand	 ﾠa	 ﾠsingle	 ﾠsite	 ﾠcut	 ﾠat	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠin	 ﾠthe	 ﾠgenome	 ﾠ(d).	 ﾠ	 ﾠThe	 ﾠligation	 ﾠevent	 ﾠ
will	 ﾠinsert	 ﾠthe	 ﾠcassette	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠwithout	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠ(e).	 ﾠ	 ﾠ
Locations	 ﾠof	 ﾠthe	 ﾠprimers	 ﾠused	 ﾠto	 ﾠconfirm	 ﾠthis	 ﾠinsertion	 ﾠ(F4	 ﾠ&	 ﾠR3)	 ﾠare	 ﾠshown	 ﾠin	 ﾠblue.	 ﾠ	 ﾠ
Not	 ﾠdrawn	 ﾠto	 ﾠscale.	 ﾠ
f:	 ﾠGel	 ﾠshowing	 ﾠinsertion	 ﾠof	 ﾠthe	 ﾠcassette	 ﾠwithout	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠis	 ﾠpossible.	 ﾠ	 ﾠ
Two	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠTALENs	 ﾠand	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠplasmid,	 ﾠor	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠ
plasmid	 ﾠv2,	 ﾠwere	 ﾠtaken	 ﾠfor	 ﾠPCR	 ﾠanalysis	 ﾠwith	 ﾠprimers	 ﾠthat	 ﾠamplify	 ﾠligation	 ﾠwith	 ﾠor	 ﾠ
without	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠ(F2	 ﾠ+	 ﾠR3	 ﾠand	 ﾠF4	 ﾠ+	 ﾠR3	 ﾠrespectively).	 ﾠ	 ﾠF2	 ﾠ+	 ﾠR3	 ﾠproduct	 ﾠwas	 ﾠ
observed	 ﾠfor	 ﾠplzfa	 ﾠDonor	 ﾠbut	 ﾠnot	 ﾠfor	 ﾠplzfa	 ﾠDonor	 ﾠv2	 ﾠinjected	 ﾠembryos,	 ﾠwhilst	 ﾠF4	 ﾠ+	 ﾠR3	 ﾠ
product	 ﾠwas	 ﾠobserved	 ﾠfor	 ﾠplzfa	 ﾠDonor	 ﾠv2	 ﾠand	 ﾠnot	 ﾠplzfa	 ﾠDonor	 ﾠinjected	 ﾠembryos.	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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Individual	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠTALENs	 ﾠand	 ﾠeither	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠor	 ﾠ
donor	 ﾠplasmid	 ﾠv2	 ﾠwere	 ﾠlysed	 ﾠand	 ﾠanalysed	 ﾠby	 ﾠPCR	 ﾠfor	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠbackbone	 ﾠ
(Figure	 ﾠ6-ﾭ‐7f).	 ﾠ	 ﾠA	 ﾠPCR	 ﾠproduct	 ﾠfor	 ﾠthe	 ﾠvector	 ﾠbackbone	 ﾠ(F2	 ﾠ+	 ﾠR3)	 ﾠis	 ﾠobserved	 ﾠfor	 ﾠ
embryos	 ﾠinjected	 ﾠwith	 ﾠthe	 ﾠplzfa	 ﾠDonor	 ﾠbut	 ﾠnot	 ﾠfor	 ﾠmost	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠ
Donor	 ﾠv2	 ﾠ(4/6	 ﾠno	 ﾠproduct	 ﾠobserved).	 ﾠ	 ﾠPCR	 ﾠproduct	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠintegration	 ﾠof	 ﾠ
the	 ﾠcassette	 ﾠalone	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠthese	 ﾠembryos	 ﾠ(F4	 ﾠ+	 ﾠR3	 ﾠproduct).	 ﾠ	 ﾠThis	 ﾠ
preliminary	 ﾠdata	 ﾠshows	 ﾠthat	 ﾠthe	 ﾠplasmid	 ﾠcan	 ﾠbe	 ﾠadapted	 ﾠfor	 ﾠinsertion	 ﾠwithout	 ﾠthe	 ﾠ
vector	 ﾠbackbone.	 ﾠ	 ﾠFurther	 ﾠexperiments	 ﾠare	 ﾠrequired	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthis	 ﾠ
affects	 ﾠefficiency	 ﾠof	 ﾠthe	 ﾠinsertion	 ﾠevent.	 ﾠ
6.6  Using	 ﾠthis	 ﾠtechnique	 ﾠto	 ﾠexamine	 ﾠplzfa	 ﾠexpression	 ﾠand	 ﾠfunction	 ﾠ
Expression	 ﾠanalysis	 ﾠ
I	 ﾠcarried	 ﾠout	 ﾠpreliminary	 ﾠexperiments	 ﾠto	 ﾠgain	 ﾠinformation	 ﾠabout	 ﾠplzfa	 ﾠ
expression	 ﾠusing	 ﾠthe	 ﾠinsertion	 ﾠtechnique.	 ﾠ	 ﾠEmbryos	 ﾠthat	 ﾠwere	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠ
TALENs	 ﾠand	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠwere	 ﾠgrown	 ﾠto	 ﾠ44	 ﾠhpf	 ﾠat	 ﾠwhich	 ﾠpoint	 ﾠthey	 ﾠwere	 ﾠ
processed	 ﾠfor	 ﾠIHC.	 ﾠ	 ﾠI	 ﾠcompared	 ﾠGFP	 ﾠexpression	 ﾠwith	 ﾠdifferentiated	 ﾠneurons	 ﾠ(HuC/D)	 ﾠ
and	 ﾠglial	 ﾠfibres	 ﾠ(GFAP)	 ﾠand	 ﾠa	 ﾠrepresentative	 ﾠembryo	 ﾠis	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠ6-ﾭ‐8.	 ﾠ	 ﾠI	 ﾠ
consistently	 ﾠobserved	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠGFP	 ﾠexpression	 ﾠat	 ﾠlocations	 ﾠflanking	 ﾠ
rhombomere	 ﾠboundaries	 ﾠ(arrows	 ﾠin	 ﾠFigure	 ﾠ6-ﾭ‐8a-ﾭ‐c).	 ﾠ	 ﾠAs	 ﾠdiscussed	 ﾠpreviously,	 ﾠthese	 ﾠ
cells	 ﾠare	 ﾠactively	 ﾠundergoing	 ﾠneurogenesis	 ﾠ(Figure	 ﾠ4-ﾭ‐6).	 ﾠ
I	 ﾠobserved	 ﾠsome	 ﾠGFP	 ﾠexpression	 ﾠin	 ﾠterminally	 ﾠdifferentiated	 ﾠneurons	 ﾠ
(arrowheads	 ﾠin	 ﾠFigure	 ﾠ6-ﾭ‐8a’-ﾭ‐c’).	 ﾠ	 ﾠOne	 ﾠpossibility	 ﾠis	 ﾠthat	 ﾠthis	 ﾠGFP	 ﾠexpression	 ﾠis	 ﾠ
reflective	 ﾠof	 ﾠplzfa	 ﾠexpression	 ﾠin	 ﾠsome	 ﾠneurons,	 ﾠalthough	 ﾠthis	 ﾠwas	 ﾠnot	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠ
ISH	 ﾠexperiments	 ﾠ(Figure	 ﾠ4-ﾭ‐6).	 ﾠ	 ﾠAlternatively,	 ﾠthis	 ﾠsignal	 ﾠcould	 ﾠbe	 ﾠcaused	 ﾠby	 ﾠ
perdurance	 ﾠof	 ﾠthe	 ﾠstable	 ﾠGFP	 ﾠprotein	 ﾠthat	 ﾠis	 ﾠstill	 ﾠpresent	 ﾠdespite	 ﾠplzfa	 ﾠtranscription	 ﾠ
no	 ﾠlonger	 ﾠoccurring	 ﾠin	 ﾠthese	 ﾠcells.	 ﾠ	 ﾠWithout	 ﾠfurther	 ﾠanalysis,	 ﾠI	 ﾠam	 ﾠunable	 ﾠto	 ﾠ
determine	 ﾠwhich	 ﾠof	 ﾠthese	 ﾠexplanations	 ﾠis	 ﾠcorrect.	 ﾠ
The	 ﾠprevious	 ﾠdata	 ﾠregarding	 ﾠexpression	 ﾠof	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠnervous	 ﾠsystem	 ﾠhave	 ﾠ
shown	 ﾠit	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠneural	 ﾠprogenitor	 ﾠcells	 ﾠand	 ﾠdeclines	 ﾠas	 ﾠcells	 ﾠbecome	 ﾠ
terminally	 ﾠdifferentiated	 ﾠ(Elkabetz	 ﾠet	 ﾠal.,	 ﾠ2008,	 ﾠTailor	 ﾠet	 ﾠal.,	 ﾠ2013,	 ﾠSobieszczuk	 ﾠet	 ﾠal.,	 ﾠ
2010,	 ﾠGaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠI	 ﾠhave	 ﾠresults	 ﾠthat	 ﾠsuggest	 ﾠboth	 ﾠplzfa	 ﾠtranscripts	 ﾠand	 ﾠPlzf	 ﾠ
protein	 ﾠare	 ﾠexpressed	 ﾠin	 ﾠcells	 ﾠthat	 ﾠare	 ﾠactively	 ﾠundergoing	 ﾠneurogenesis	 ﾠ(Figure	 ﾠ4-ﾭ‐5	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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&	 ﾠFigure	 ﾠ4-ﾭ‐6).	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠaimed	 ﾠto	 ﾠgain	 ﾠsome	 ﾠinsight	 ﾠinto	 ﾠhow	 ﾠplzfa	 ﾠtranscription	 ﾠis	 ﾠ
being	 ﾠregulated	 ﾠin	 ﾠthese	 ﾠcells.	 ﾠ	 ﾠ
I	 ﾠre-ﾭ‐examined	 ﾠthe	 ﾠexpression	 ﾠof	 ﾠplzfa	 ﾠin	 ﾠthe	 ﾠ44	 ﾠhpf	 ﾠembryos	 ﾠby	 ﾠfluorescent	 ﾠ
ISH	 ﾠand	 ﾠobserved	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠplzfa	 ﾠtranscript	 ﾠin	 ﾠcells	 ﾠthat	 ﾠare	 ﾠbelieved	 ﾠto	 ﾠhave	 ﾠ
begun	 ﾠneurogenesis	 ﾠbased	 ﾠupon	 ﾠtheir	 ﾠposition	 ﾠflanking	 ﾠrhombomere	 ﾠboundaries	 ﾠ
(Figure	 ﾠ6-ﾭ‐9a	 ﾠ&	 ﾠb).	 ﾠ	 ﾠA	 ﾠcandidate	 ﾠgene	 ﾠfor	 ﾠincreasing	 ﾠplzfa	 ﾠexpression	 ﾠin	 ﾠthese	 ﾠ
differentiating	 ﾠcells	 ﾠis	 ﾠneurog1	 ﾠand	 ﾠI	 ﾠtherefore	 ﾠaimed	 ﾠto	 ﾠexplore	 ﾠwhether	 ﾠplzfa	 ﾠis	 ﾠ
downstream	 ﾠof	 ﾠthis	 ﾠproneural	 ﾠgene.	 ﾠ
To	 ﾠdo	 ﾠthis,	 ﾠI	 ﾠinjected	 ﾠembryos	 ﾠwith	 ﾠneurog1	 ﾠMOs	 ﾠand	 ﾠanalysed	 ﾠexpression	 ﾠof	 ﾠ
btbd6a	 ﾠand	 ﾠplzfa	 ﾠ(Figure	 ﾠ6-ﾭ‐9c-ﾭ‐f).	 ﾠ	 ﾠI	 ﾠobserved	 ﾠthe	 ﾠpreviously	 ﾠdescribed	 ﾠdecrease	 ﾠin	 ﾠ
btbd6a	 ﾠexpression	 ﾠin	 ﾠthe	 ﾠmorphants	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010),	 ﾠbut	 ﾠdid	 ﾠnot	 ﾠobserve	 ﾠ
any	 ﾠchanges	 ﾠin	 ﾠplzfa	 ﾠexpression.	 ﾠ	 ﾠSecondly,	 ﾠI	 ﾠectopically	 ﾠexpressed	 ﾠneurog1	 ﾠby	 ﾠ
injecting	 ﾠRNA	 ﾠinto	 ﾠthe	 ﾠembryos	 ﾠalong	 ﾠwith	 ﾠH2B-ﾭ‐Citrine	 ﾠas	 ﾠa	 ﾠmarker	 ﾠand	 ﾠcarried	 ﾠout	 ﾠ
ISH	 ﾠfor	 ﾠplzfa	 ﾠ(Figure	 ﾠ6-ﾭ‐9g-ﾭ‐h).	 ﾠ	 ﾠThe	 ﾠmajority	 ﾠof	 ﾠinjected	 ﾠembryos	 ﾠdied	 ﾠduring	 ﾠ
development,	 ﾠand	 ﾠthe	 ﾠones	 ﾠthat	 ﾠsurvived	 ﾠcontained	 ﾠmosaic	 ﾠH2B-ﾭ‐citrine	 ﾠexpression.	 ﾠ	 ﾠ
In	 ﾠthese	 ﾠembryos,	 ﾠa	 ﾠslight	 ﾠdecrease	 ﾠin	 ﾠplzfa	 ﾠexpression	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠembryos	 ﾠ
containing	 ﾠH2B-ﾭ‐Citrine	 ﾠexpression.	 ﾠ	 ﾠFrom	 ﾠthese	 ﾠresults	 ﾠI	 ﾠcan’t	 ﾠconclude	 ﾠwhether	 ﾠplzfa	 ﾠ
expression	 ﾠis	 ﾠdownstream	 ﾠof	 ﾠneurog1,	 ﾠas	 ﾠwill	 ﾠbe	 ﾠdiscussed	 ﾠfurther	 ﾠbelow.	 ﾠ
Functional	 ﾠanalysis	 ﾠ
Observing	 ﾠboth	 ﾠplzfa	 ﾠtranscript	 ﾠand	 ﾠPlzf	 ﾠprotein	 ﾠwithin	 ﾠthe	 ﾠdifferentiating	 ﾠ
cells	 ﾠsuggested	 ﾠthat	 ﾠPlzfa	 ﾠcould	 ﾠbe	 ﾠhaving	 ﾠa	 ﾠrole	 ﾠin	 ﾠthese	 ﾠcells.	 ﾠ	 ﾠPrevious	 ﾠwork	 ﾠ
showed	 ﾠthat	 ﾠPlzfa	 ﾠacted	 ﾠto	 ﾠinhibit	 ﾠneurogenesis	 ﾠby	 ﾠinhibiting	 ﾠneurog1,	 ﾠand	 ﾠbased	 ﾠ
upon	 ﾠthe	 ﾠincreased	 ﾠexpression	 ﾠat	 ﾠthe	 ﾠonset	 ﾠof	 ﾠdifferentiation,	 ﾠI	 ﾠwas	 ﾠinterested	 ﾠin	 ﾠ
determining	 ﾠwhether	 ﾠPlzfa	 ﾠacts	 ﾠto	 ﾠinhibit	 ﾠgenes	 ﾠinvolved	 ﾠin	 ﾠlater	 ﾠsteps	 ﾠof	 ﾠthe	 ﾠ
neurogenic	 ﾠcascade.	 ﾠ	 ﾠI	 ﾠaimed	 ﾠto	 ﾠtest	 ﾠthis	 ﾠby	 ﾠforcing	 ﾠcells	 ﾠto	 ﾠembark	 ﾠon	 ﾠthe	 ﾠ
neurogenic	 ﾠcascade	 ﾠand	 ﾠdetermine	 ﾠwhether	 ﾠectopic	 ﾠexpression	 ﾠof	 ﾠPlzfa	 ﾠcould	 ﾠblock	 ﾠ
later	 ﾠsteps	 ﾠof	 ﾠdifferentiation.	 ﾠ
I	 ﾠcarried	 ﾠout	 ﾠpreliminary	 ﾠexperiments	 ﾠwhere	 ﾠI	 ﾠinjected	 ﾠembryos	 ﾠwith	 ﾠRNA	 ﾠ
neurog1	 ﾠRNA	 ﾠalone,	 ﾠor	 ﾠwith	 ﾠRNA	 ﾠencoding	 ﾠNeurog1	 ﾠand	 ﾠPlzfa,	 ﾠand	 ﾠcarried	 ﾠout	 ﾠISH	 ﾠfor	 ﾠ
neurod4	 ﾠexpression.	 ﾠ	 ﾠI	 ﾠobserve	 ﾠan	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠneurod4	 ﾠexpressing	 ﾠcells	 ﾠ
upon	 ﾠectopic	 ﾠexpression	 ﾠof	 ﾠneurog1	 ﾠ(Figure	 ﾠ6-ﾭ‐10d).	 ﾠ	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Figure	 ﾠ6-ﾭ‐8:	 ﾠAnalysis	 ﾠof	 ﾠplzfa	 ﾠexpression	 ﾠlevels	 ﾠin	 ﾠdonor	 ﾠinjected	 ﾠembryos	 ﾠat	 ﾠ
44	 ﾠhpf	 ﾠ
Representative	 ﾠembryo	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠTALENs	 ﾠand	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠ
after	 ﾠIHC	 ﾠusing	 ﾠanti-ﾭ‐GFP	 ﾠ(a),	 ﾠanti-ﾭ‐GFAP	 ﾠ(b)	 ﾠand	 ﾠanti-ﾭ‐HuC/D	 ﾠ(blue	 ﾠin	 ﾠc).	 ﾠ	 ﾠArrows	 ﾠ
indicate	 ﾠpositions	 ﾠflanking	 ﾠrhombomere	 ﾠboundaries	 ﾠwhere	 ﾠneurogenesis	 ﾠis	 ﾠactive.	 ﾠ	 ﾠ
Higher	 ﾠmagnification	 ﾠimages	 ﾠare	 ﾠshown	 ﾠ(a’-ﾭ‐c’).	 ﾠ	 ﾠArrowheads	 ﾠmark	 ﾠcells	 ﾠthat	 ﾠare	 ﾠ
double	 ﾠpositive	 ﾠfor	 ﾠHuC/D	 ﾠand	 ﾠGFP	 ﾠexpression.	 ﾠ
Scale	 ﾠbar	 ﾠ=	 ﾠ20	 ﾠμm	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
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Figure	 ﾠ6-ﾭ‐9:	 ﾠExploring	 ﾠwhether	 ﾠneurog1	 ﾠregulates	 ﾠplzfa	 ﾠexpression	 ﾠ	 ﾠ	 ﾠ	 ﾠ
a	 ﾠ&	 ﾠb:	 ﾠHigher	 ﾠlevels	 ﾠof	 ﾠplzfa	 ﾠtranscript	 ﾠare	 ﾠobserved	 ﾠat	 ﾠregions	 ﾠassociated	 ﾠwith	 ﾠ
neurogenesis.	 ﾠ	 ﾠFluorescent	 ﾠISH	 ﾠof	 ﾠplzfa	 ﾠ(a)	 ﾠis	 ﾠthe	 ﾠsame	 ﾠas	 ﾠdisplayed	 ﾠpreviously	 ﾠ(Figure	 ﾠ
4-ﾭ‐6d’)	 ﾠand	 ﾠwas	 ﾠconverted	 ﾠinto	 ﾠa	 ﾠheatmap	 ﾠusing	 ﾠImageJ	 ﾠ(b).	 ﾠ	 ﾠHigher	 ﾠlevels	 ﾠof	 ﾠ
expression	 ﾠare	 ﾠobserved	 ﾠin	 ﾠcells	 ﾠflanking	 ﾠrhombomere	 ﾠboundaries	 ﾠ(6/6	 ﾠembryos).	 ﾠ
c-ﾭ‐f:	 ﾠEmbryos	 ﾠwere	 ﾠinjected	 ﾠwith	 ﾠeither	 ﾠControl	 ﾠ(c	 ﾠ&	 ﾠe)	 ﾠor	 ﾠneurog1	 ﾠ(d	 ﾠ&	 ﾠf)	 ﾠMOs	 ﾠand	 ﾠ
analysed	 ﾠfor	 ﾠbtbd6a	 ﾠ(c	 ﾠ&	 ﾠd)	 ﾠor	 ﾠplzfa	 ﾠ(e	 ﾠ&	 ﾠf)	 ﾠexpression	 ﾠby	 ﾠISH	 ﾠat	 ﾠ12	 ﾠhpf.	 ﾠ	 ﾠKnockdown	 ﾠ
of	 ﾠNeurog1	 ﾠleads	 ﾠto	 ﾠa	 ﾠmajor	 ﾠdecreases	 ﾠin	 ﾠbtbd6a	 ﾠexpression	 ﾠ(d,	 ﾠ15/15)	 ﾠbut	 ﾠhas	 ﾠno	 ﾠ
clear	 ﾠeffect	 ﾠon	 ﾠplzfa	 ﾠexpression	 ﾠ(f,	 ﾠ0/19).	 ﾠ
g-ﾭ‐i:	 ﾠUninjected	 ﾠembryos	 ﾠ(g)	 ﾠwere	 ﾠcompared	 ﾠto	 ﾠthose	 ﾠinjected	 ﾠwith	 ﾠ50	 ﾠpg	 ﾠneurog1	 ﾠ
and	 ﾠH2B-ﾭ‐Citrine	 ﾠRNA	 ﾠ(h	 ﾠ&	 ﾠi)	 ﾠfor	 ﾠplzfa	 ﾠexpression.	 ﾠ	 ﾠA	 ﾠslight	 ﾠdecrease	 ﾠin	 ﾠplzfa	 ﾠ
expression	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠcells	 ﾠcontaining	 ﾠectopic	 ﾠRNA.	 ﾠ	 ﾠThis	 ﾠis	 ﾠmost	 ﾠclearly	 ﾠ
observed	 ﾠat	 ﾠhigher	 ﾠmagnification	 ﾠ(h’)	 ﾠand	 ﾠwhen	 ﾠconverted	 ﾠinto	 ﾠa	 ﾠheatmap	 ﾠ(h”).	 ﾠ
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Figure	 ﾠ6-ﾭ‐9	 ﾠ
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Figure	 ﾠ6-ﾭ‐10:	 ﾠPreliminary	 ﾠevidence	 ﾠthat	 ﾠPlzfa	 ﾠinhibits	 ﾠmultiple	 ﾠsteps	 ﾠof	 ﾠ
neuronal	 ﾠdifferentiation	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Embryos	 ﾠinjected	 ﾠwith	 ﾠ30	 ﾠpg	 ﾠneurog1	 ﾠRNA	 ﾠat	 ﾠthe	 ﾠone	 ﾠcell	 ﾠstage	 ﾠwere	 ﾠallowed	 ﾠto	 ﾠ
develop	 ﾠuntil	 ﾠ12	 ﾠhpf	 ﾠ(a)	 ﾠand	 ﾠprocessed	 ﾠfor	 ﾠneurod4	 ﾠISH	 ﾠ(d).	 ﾠ	 ﾠA	 ﾠsubset	 ﾠof	 ﾠthese	 ﾠ
embryos	 ﾠwere	 ﾠalso	 ﾠinjected	 ﾠwith	 ﾠ100	 ﾠpg	 ﾠmyc-ﾭ‐plzfa	 ﾠtogether	 ﾠwith	 ﾠH2B-ﾭ‐citrine	 ﾠRNA	 ﾠin	 ﾠ
one	 ﾠcell	 ﾠat	 ﾠthe	 ﾠ2-ﾭ‐cell	 ﾠstage	 ﾠ(b).	 ﾠ	 ﾠTheses	 ﾠembryos	 ﾠwere	 ﾠsimilarly	 ﾠallowed	 ﾠto	 ﾠdevelop	 ﾠ
and	 ﾠprocessed	 ﾠfor	 ﾠneurod4	 ﾠISH	 ﾠat	 ﾠ12	 ﾠhpf	 ﾠ(e).	 ﾠ	 ﾠUninjected	 ﾠembryos	 ﾠwere	 ﾠincluded	 ﾠas	 ﾠa	 ﾠ
negative	 ﾠcontrol	 ﾠ(c).	 ﾠ	 ﾠ
A	 ﾠtotal	 ﾠof	 ﾠ21	 ﾠuninjected	 ﾠembryos	 ﾠwere	 ﾠobserved	 ﾠto	 ﾠhave	 ﾠwild-ﾭ‐type	 ﾠlevels	 ﾠof	 ﾠneurod4	 ﾠ
(c).	 ﾠ	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠneurog1	 ﾠRNA	 ﾠalone	 ﾠshowed	 ﾠectopic	 ﾠneuod4	 ﾠexpression	 ﾠ
(d)	 ﾠin	 ﾠ12/16	 ﾠembryos.	 ﾠ	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠboth	 ﾠneurog1	 ﾠ(1-ﾭ‐cell	 ﾠstage)	 ﾠand	 ﾠmyc-ﾭ‐
plzfa	 ﾠ(2-ﾭ‐cell	 ﾠstage)	 ﾠresulted	 ﾠin	 ﾠreduced	 ﾠneurod4	 ﾠexpression	 ﾠin	 ﾠ33/50,	 ﾠincreased	 ﾠ
neurod4	 ﾠin	 ﾠ9/50	 ﾠand	 ﾠwild-ﾭ‐type	 ﾠlevels	 ﾠof	 ﾠneurod4	 ﾠin	 ﾠ8/50	 ﾠembryos.	 ﾠ
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Figure	 ﾠ6-ﾭ‐10	 ﾠ
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I	 ﾠsubsequently	 ﾠtook	 ﾠsome	 ﾠembryos	 ﾠthat	 ﾠhad	 ﾠectopic	 ﾠNeurog1	 ﾠexpression	 ﾠ
throughout	 ﾠthe	 ﾠentire	 ﾠembryo	 ﾠand	 ﾠselectively	 ﾠoverexpressed	 ﾠPlzfa	 ﾠin	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠ
embryo,	 ﾠby	 ﾠinjecting	 ﾠmyc-ﾭ‐plzfa	 ﾠinto	 ﾠone	 ﾠcell	 ﾠat	 ﾠthe	 ﾠ2-ﾭ‐cell	 ﾠstage.	 ﾠ	 ﾠThis	 ﾠallows	 ﾠPlzf	 ﾠ
function	 ﾠto	 ﾠbe	 ﾠanalysed	 ﾠin	 ﾠembryos	 ﾠknown	 ﾠto	 ﾠhave	 ﾠincreased	 ﾠneurogenesis.	 ﾠ	 ﾠ
Overexpressing	 ﾠplzfa	 ﾠappeared	 ﾠto	 ﾠblock	 ﾠthe	 ﾠincrease	 ﾠin	 ﾠneurod4	 ﾠ(Figure	 ﾠ6-ﾭ‐10e).	 ﾠ	 ﾠ
Although	 ﾠfurther	 ﾠexperiments	 ﾠare	 ﾠrequired	 ﾠto	 ﾠconfirm	 ﾠthis	 ﾠresult,	 ﾠthis	 ﾠprovides	 ﾠ
evidence	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠacting	 ﾠat	 ﾠmultiple	 ﾠsteps	 ﾠin	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠto	 ﾠblock	 ﾠ
differentiation.	 ﾠ	 ﾠ
	 ﾠ 	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
	 ﾠ 231	 ﾠ
6.7  Discussion	 ﾠ
Insertions	 ﾠwithout	 ﾠhomology	 ﾠarms	 ﾠ
In	 ﾠthis	 ﾠchapter	 ﾠI	 ﾠhave	 ﾠdescribed	 ﾠa	 ﾠnovel	 ﾠmethod	 ﾠfor	 ﾠthe	 ﾠinsertion	 ﾠof	 ﾠ
exogenous	 ﾠDNA	 ﾠinto	 ﾠtargeted	 ﾠlocations	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ	 ﾠI	 ﾠhave	 ﾠ
demonstrated	 ﾠthat	 ﾠinsertions	 ﾠoccur	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠefficiency	 ﾠin	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠ
present	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠinsertion	 ﾠis	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠtarget	 ﾠlocus.	 ﾠ	 ﾠThe	 ﾠprocedure	 ﾠhas	 ﾠ
been	 ﾠdesigned	 ﾠto	 ﾠbe	 ﾠas	 ﾠsimple	 ﾠas	 ﾠpossible,	 ﾠwhereby	 ﾠthe	 ﾠtarget	 ﾠsequence	 ﾠcan	 ﾠbe	 ﾠ
replaced	 ﾠusing	 ﾠa	 ﾠsimple	 ﾠoligonucleotide	 ﾠcloning	 ﾠstrategy	 ﾠand	 ﾠthe	 ﾠinsertion	 ﾠcassette	 ﾠ
replaced.	 ﾠ	 ﾠTargeting	 ﾠtwo	 ﾠseparate	 ﾠloci,	 ﾠI	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠligation	 ﾠevent	 ﾠis	 ﾠassociated	 ﾠ
with	 ﾠthe	 ﾠformation	 ﾠof	 ﾠindels	 ﾠresulting	 ﾠin	 ﾠframe-ﾭ‐shifts	 ﾠand	 ﾠconsequently	 ﾠthe	 ﾠcassette	 ﾠ
won’t	 ﾠbe	 ﾠtranslated	 ﾠin	 ﾠall	 ﾠinsertions.	 ﾠ
Whilst	 ﾠthis	 ﾠproject	 ﾠwas	 ﾠunderway,	 ﾠanother	 ﾠgroup	 ﾠpublished	 ﾠa	 ﾠsimilar	 ﾠ
technique	 ﾠfor	 ﾠinserting	 ﾠDNA	 ﾠinto	 ﾠthe	 ﾠzebrafish	 ﾠusing	 ﾠthe	 ﾠCRISPR/Cas9	 ﾠsystem	 ﾠ(Auer	 ﾠ
et	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠThey	 ﾠshowed	 ﾠthat	 ﾠthey	 ﾠwere	 ﾠable	 ﾠto	 ﾠtarget	 ﾠeGFP	 ﾠthat	 ﾠwas	 ﾠstably	 ﾠ
integrated	 ﾠinto	 ﾠthe	 ﾠgenome	 ﾠfrom	 ﾠprevious	 ﾠTol2-ﾭ‐mediated	 ﾠtransgenesis	 ﾠand	 ﾠreplace	 ﾠit	 ﾠ
with	 ﾠother	 ﾠreporters.	 ﾠ	 ﾠThey	 ﾠreport	 ﾠsimilar	 ﾠresults	 ﾠregarding	 ﾠthe	 ﾠformation	 ﾠof	 ﾠindels	 ﾠ
around	 ﾠthe	 ﾠinsertion	 ﾠsite	 ﾠand	 ﾠshow	 ﾠthat	 ﾠpositive	 ﾠselection	 ﾠof	 ﾠinjected	 ﾠembryos	 ﾠ
resulted	 ﾠin	 ﾠa	 ﾠgermline	 ﾠtransmission	 ﾠrate	 ﾠup	 ﾠto	 ﾠ40%.	 ﾠ	 ﾠ	 ﾠ
Interestingly,	 ﾠthey	 ﾠshow	 ﾠprecise	 ﾠligation	 ﾠof	 ﾠthe	 ﾠinsert	 ﾠin	 ﾠ17%	 ﾠof	 ﾠthe	 ﾠinjected	 ﾠ
embryos	 ﾠanalysed	 ﾠ(Auer	 ﾠet	 ﾠal.,	 ﾠ2014),	 ﾠcomparing	 ﾠto	 ﾠ0%	 ﾠin	 ﾠthe	 ﾠembryos	 ﾠthat	 ﾠI	 ﾠ
analysed.	 ﾠ	 ﾠThis	 ﾠmay	 ﾠindicate	 ﾠthat	 ﾠthe	 ﾠCRISPR/Cas9	 ﾠsystem	 ﾠcan	 ﾠinsert	 ﾠDNA	 ﾠwith	 ﾠa	 ﾠ
greater	 ﾠprecision	 ﾠthan	 ﾠusing	 ﾠTALENs.	 ﾠ	 ﾠCRISPR/Cas9	 ﾠis	 ﾠbelieved	 ﾠto	 ﾠleave	 ﾠblunt	 ﾠends	 ﾠ
after	 ﾠcutting	 ﾠ(Jinek	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠGarneau	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠwhilst	 ﾠthe	 ﾠFokI	 ﾠnuclease	 ﾠleaves	 ﾠ
4	 ﾠ–	 ﾠ5	 ﾠbp	 ﾠ5’	 ﾠoverhangs	 ﾠ(Orlando	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠFurther	 ﾠanalysis	 ﾠwould	 ﾠbe	 ﾠneeded	 ﾠto	 ﾠ
determine	 ﾠwhether	 ﾠthis	 ﾠdifference	 ﾠin	 ﾠcutting	 ﾠaccounts	 ﾠfor	 ﾠchanges	 ﾠin	 ﾠprecision.	 ﾠ	 ﾠ
Using	 ﾠa	 ﾠsingle	 ﾠCRISPR	 ﾠguide	 ﾠRNA	 ﾠto	 ﾠtarget	 ﾠDNA	 ﾠresults	 ﾠin	 ﾠrecreation	 ﾠof	 ﾠthe	 ﾠtarget	 ﾠsite	 ﾠ
in	 ﾠthe	 ﾠresulting	 ﾠligation	 ﾠproduct,	 ﾠan	 ﾠissue	 ﾠthat	 ﾠis	 ﾠalleviated	 ﾠby	 ﾠusing	 ﾠobligate	 ﾠ
heterodimeric	 ﾠTALENs	 ﾠas	 ﾠdiscussed	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIt	 ﾠwould	 ﾠtherefore	 ﾠbe	 ﾠ
expected	 ﾠthat	 ﾠthe	 ﾠCRISPR/Cas9	 ﾠsystem	 ﾠwould	 ﾠcontinue	 ﾠto	 ﾠgenerate	 ﾠindels	 ﾠin	 ﾠthe	 ﾠ
ligation	 ﾠproduct,	 ﾠbut	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠthey	 ﾠobserve	 ﾠoccasional	 ﾠperfect	 ﾠligation	 ﾠsuggests	 ﾠ
that	 ﾠthis	 ﾠis	 ﾠnot	 ﾠthe	 ﾠcase.	 ﾠ	 ﾠThey	 ﾠreport	 ﾠthat	 ﾠit	 ﾠis	 ﾠpossible	 ﾠto	 ﾠinsert	 ﾠDNA	 ﾠinto	 ﾠan	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
	 ﾠ 232	 ﾠ
endogenous	 ﾠlocus	 ﾠ(kif5aa),	 ﾠbut	 ﾠthey	 ﾠobserve	 ﾠintegration	 ﾠin	 ﾠonly	 ﾠ9.6%	 ﾠof	 ﾠinjected	 ﾠ
embryos	 ﾠand	 ﾠdon’t	 ﾠdemonstrate	 ﾠgermline	 ﾠtransmission	 ﾠ(Auer	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠThis	 ﾠ
relatively	 ﾠlow	 ﾠefficiency	 ﾠin	 ﾠinjected	 ﾠembryos	 ﾠseems	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠcaused	 ﾠby	 ﾠthe	 ﾠ
particular	 ﾠguide	 ﾠRNA	 ﾠbeing	 ﾠused	 ﾠto	 ﾠtarget	 ﾠkif5aa,	 ﾠwhich	 ﾠhas	 ﾠan	 ﾠindel	 ﾠefficiency	 ﾠof	 ﾠ
22%.	 ﾠ	 ﾠThis	 ﾠstudy	 ﾠdemonstrates	 ﾠthat	 ﾠthis	 ﾠtechnique	 ﾠfor	 ﾠinsertion	 ﾠis	 ﾠapplicable	 ﾠfor	 ﾠall	 ﾠ
targetable	 ﾠnucleases	 ﾠavailable	 ﾠand	 ﾠsuggests	 ﾠthat	 ﾠinsertion	 ﾠefficiency	 ﾠcorrelates	 ﾠwith	 ﾠ
indel	 ﾠefficiency.	 ﾠ
Importance	 ﾠof	 ﾠselection	 ﾠ
My	 ﾠresults	 ﾠsuggest	 ﾠthat	 ﾠselecting	 ﾠembryos	 ﾠthat	 ﾠcontain	 ﾠthe	 ﾠhighest	 ﾠdegree	 ﾠof	 ﾠ
in-ﾭ‐frame	 ﾠinsertion	 ﾠresults	 ﾠin	 ﾠthe	 ﾠhighest	 ﾠgermline	 ﾠefficiency.	 ﾠ	 ﾠI	 ﾠfind	 ﾠthat	 ﾠI	 ﾠcannot	 ﾠ
reliably	 ﾠscreen	 ﾠembryos	 ﾠby	 ﾠinserting	 ﾠthe	 ﾠcoding	 ﾠsequence	 ﾠfor	 ﾠthe	 ﾠeGFP	 ﾠprotein	 ﾠ
directly	 ﾠunder	 ﾠcontrol	 ﾠof	 ﾠthe	 ﾠendogenous	 ﾠplzfa	 ﾠpromoter,	 ﾠlikely	 ﾠbecause	 ﾠthe	 ﾠ
production	 ﾠof	 ﾠthe	 ﾠtranscript	 ﾠis	 ﾠtoo	 ﾠlow.	 ﾠ	 ﾠInstead,	 ﾠI	 ﾠelected	 ﾠto	 ﾠenhance	 ﾠthe	 ﾠproduction	 ﾠ
of	 ﾠfluorescent	 ﾠproteins	 ﾠby	 ﾠinserting	 ﾠthe	 ﾠGAL4	 ﾠtranscriptional	 ﾠactivator	 ﾠand	 ﾠproviding	 ﾠ
a	 ﾠfluorescent	 ﾠprotein	 ﾠunder	 ﾠcontrol	 ﾠof	 ﾠthe	 ﾠbasal	 ﾠE1b	 ﾠpromoter	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠ
UAS	 ﾠregulatory	 ﾠsequences.	 ﾠ	 ﾠIt	 ﾠhas	 ﾠpreviously	 ﾠbeen	 ﾠshown	 ﾠthat	 ﾠthere	 ﾠis	 ﾠa	 ﾠdelay	 ﾠin	 ﾠ
expression	 ﾠusing	 ﾠthis	 ﾠsystem,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠtime	 ﾠtaken	 ﾠto	 ﾠproduce	 ﾠthe	 ﾠGAL4	 ﾠprotein	 ﾠ
followed	 ﾠby	 ﾠthe	 ﾠfluorescent	 ﾠprotein	 ﾠ(Distel	 ﾠet	 ﾠal.,	 ﾠ2009)	 ﾠand	 ﾠconsequently	 ﾠthe	 ﾠ
transgenic	 ﾠline	 ﾠmay	 ﾠnot	 ﾠrecapitulate	 ﾠtemporally	 ﾠaccurate	 ﾠendogenous	 ﾠexpression	 ﾠ
patterns.	 ﾠ	 ﾠSecondly,	 ﾠthere	 ﾠis	 ﾠknown	 ﾠto	 ﾠbe	 ﾠperdurance	 ﾠcaused	 ﾠby	 ﾠthe	 ﾠhigh	 ﾠhalf-ﾭ‐life	 ﾠof	 ﾠ
the	 ﾠexpressed	 ﾠproteins,	 ﾠsuch	 ﾠthat	 ﾠfluorescence	 ﾠmay	 ﾠstill	 ﾠbe	 ﾠobserved	 ﾠin	 ﾠcells	 ﾠwhere	 ﾠ
the	 ﾠtranscript	 ﾠis	 ﾠno	 ﾠlonger	 ﾠexpressed.	 ﾠ
In	 ﾠthis	 ﾠwork,	 ﾠI	 ﾠshow	 ﾠthat	 ﾠby	 ﾠproviding	 ﾠan	 ﾠinternal	 ﾠreporter,	 ﾠsuch	 ﾠas	 ﾠa	 ﾠlens-ﾭ‐
specific	 ﾠpromoter	 ﾠdriving	 ﾠfluorescence,	 ﾠcan	 ﾠbe	 ﾠused	 ﾠas	 ﾠa	 ﾠselection	 ﾠmethod	 ﾠin	 ﾠinjected	 ﾠ
embryos.	 ﾠ	 ﾠInserting	 ﾠthis	 ﾠinternal	 ﾠreporter	 ﾠeliminates	 ﾠthe	 ﾠrequirement	 ﾠfor	 ﾠhaving	 ﾠto	 ﾠ
increase	 ﾠthe	 ﾠfluorescence	 ﾠand	 ﾠtherefore	 ﾠis	 ﾠsuitable	 ﾠfor	 ﾠexperiments	 ﾠwhere	 ﾠnon-ﾭ‐
fluorescent	 ﾠcassettes	 ﾠare	 ﾠinserted,	 ﾠor	 ﾠfor	 ﾠtargeting	 ﾠgenes	 ﾠthat	 ﾠdon’t	 ﾠhave	 ﾠa	 ﾠ
widespread	 ﾠexpression	 ﾠpattern.	 ﾠ	 ﾠI	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠafter	 ﾠselection	 ﾠmethods,	 ﾠgermline	 ﾠ
transmission	 ﾠreaches	 ﾠefficiencies	 ﾠof	 ﾠaround	 ﾠ25%.	 ﾠ	 ﾠThis	 ﾠis	 ﾠa	 ﾠsignificant	 ﾠimprovement	 ﾠ
when	 ﾠcompared	 ﾠto	 ﾠsimilar	 ﾠtechniques	 ﾠthat	 ﾠrely	 ﾠon	 ﾠhomologous	 ﾠrecombination,	 ﾠ
where	 ﾠrates	 ﾠbetween	 ﾠ1	 ﾠand	 ﾠ4%	 ﾠhave	 ﾠbeen	 ﾠreported	 ﾠ(Bedell	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠZu	 ﾠet	 ﾠal.,	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
	 ﾠ 233	 ﾠ
2013).	 ﾠ	 ﾠFurthermore,	 ﾠthis	 ﾠmethod	 ﾠdoesn’t	 ﾠrequire	 ﾠdetailed	 ﾠknowledge	 ﾠof	 ﾠthe	 ﾠ
surrounding	 ﾠsequence	 ﾠof	 ﾠthe	 ﾠtarget	 ﾠgene	 ﾠas	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠgenerating	 ﾠhomology	 ﾠ
arms.	 ﾠ
Improving	 ﾠthe	 ﾠtechnique	 ﾠ
A	 ﾠpotential	 ﾠmethod	 ﾠto	 ﾠfurther	 ﾠimprove	 ﾠtransmission	 ﾠof	 ﾠthe	 ﾠinsert	 ﾠto	 ﾠthe	 ﾠ
progeny	 ﾠis	 ﾠto	 ﾠtarget	 ﾠthe	 ﾠintegration	 ﾠevent	 ﾠto	 ﾠthe	 ﾠgerm	 ﾠcells.	 ﾠ	 ﾠPrevious	 ﾠstudies	 ﾠhave	 ﾠ
shown	 ﾠthis	 ﾠis	 ﾠpossible	 ﾠby	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠthe	 ﾠ3’	 ﾠUTR	 ﾠfrom	 ﾠthe	 ﾠzebrafish	 ﾠnanos1	 ﾠgene,	 ﾠ
which	 ﾠenriches	 ﾠRNA	 ﾠbearing	 ﾠthis	 ﾠsequence	 ﾠin	 ﾠthe	 ﾠgermline	 ﾠprecursor	 ﾠcells	 ﾠ
(Köprunner	 ﾠet	 ﾠal.,	 ﾠ2001).	 ﾠ	 ﾠUse	 ﾠof	 ﾠthis	 ﾠhas	 ﾠpreviously	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠsignificantly	 ﾠ
improve	 ﾠgermline	 ﾠtransmission	 ﾠfor	 ﾠthe	 ﾠrecombinase	 ﾠmediated	 ﾠcassette	 ﾠexchange	 ﾠ
technique	 ﾠ(Hu	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠand	 ﾠsimilar	 ﾠmethods	 ﾠhave	 ﾠbeen	 ﾠused	 ﾠin	 ﾠDrosophila	 ﾠto	 ﾠ
improve	 ﾠhomologous	 ﾠrecombination	 ﾠ(Baena-ﾭ‐Lopez	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠIt	 ﾠwould	 ﾠtherefore	 ﾠ
be	 ﾠinteresting	 ﾠto	 ﾠtest	 ﾠwhether	 ﾠtargeting	 ﾠthe	 ﾠTALEN	 ﾠpairs	 ﾠto	 ﾠthe	 ﾠgerm	 ﾠcells	 ﾠimproves	 ﾠ
transmission.	 ﾠ
I	 ﾠwas	 ﾠunable	 ﾠto	 ﾠimprove	 ﾠthe	 ﾠprecision	 ﾠof	 ﾠthe	 ﾠinsertion	 ﾠevents	 ﾠby	 ﾠmanipulating	 ﾠ
the	 ﾠFokI	 ﾠnuclease.	 ﾠ	 ﾠIt	 ﾠis	 ﾠinteresting	 ﾠto	 ﾠnote	 ﾠthat	 ﾠthe	 ﾠprevious	 ﾠresearch	 ﾠin	 ﾠcultured	 ﾠcells	 ﾠ
found	 ﾠthat	 ﾠthe	 ﾠprecision	 ﾠof	 ﾠthe	 ﾠligation	 ﾠevent	 ﾠdepended	 ﾠupon	 ﾠthe	 ﾠcell	 ﾠtype	 ﾠbeing	 ﾠ
used	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠCellular	 ﾠand	 ﾠgenetic	 ﾠdifferences	 ﾠbetween	 ﾠthe	 ﾠcell	 ﾠtypes	 ﾠ
may	 ﾠtherefore	 ﾠinfluence	 ﾠligation	 ﾠprecision.	 ﾠ	 ﾠIn	 ﾠmy	 ﾠexperiments,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠa	 ﾠself-ﾭ‐
cleaving	 ﾠP2A	 ﾠpeptide	 ﾠnecessitates	 ﾠthat	 ﾠthe	 ﾠinsertion	 ﾠis	 ﾠin-ﾭ‐frame	 ﾠwith	 ﾠthe	 ﾠtargeted	 ﾠ
coding	 ﾠsequence	 ﾠin	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠthe	 ﾠprotein	 ﾠbeing	 ﾠinserted.	 ﾠ	 ﾠWith	 ﾠthe	 ﾠ
knowledge	 ﾠthat	 ﾠthe	 ﾠinsertion	 ﾠis	 ﾠimprecise,	 ﾠthe	 ﾠtechnique	 ﾠcould	 ﾠbe	 ﾠadapted	 ﾠsuch	 ﾠthat	 ﾠ
in-ﾭ‐frame	 ﾠinsertion	 ﾠwouldn’t	 ﾠbe	 ﾠa	 ﾠrequirement	 ﾠfor	 ﾠtranslation.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠ
insertion	 ﾠcould	 ﾠbe	 ﾠtargeted	 ﾠupstream	 ﾠof	 ﾠthe	 ﾠstart	 ﾠcodon,	 ﾠor	 ﾠthe	 ﾠdonor	 ﾠplasmid	 ﾠcould	 ﾠ
make	 ﾠuse	 ﾠof	 ﾠan	 ﾠinternal	 ﾠribosome	 ﾠentry	 ﾠsite	 ﾠ(IRES)	 ﾠwhich	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠsuccessfully	 ﾠ
in	 ﾠzebrafish	 ﾠgenetics	 ﾠ(Kwan	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠFlanking	 ﾠthe	 ﾠinsertion	 ﾠcassette	 ﾠwith	 ﾠ
recombinase	 ﾠsites	 ﾠallows	 ﾠtechniques	 ﾠsuch	 ﾠas	 ﾠrecombinase-ﾭ‐mediated	 ﾠcassette	 ﾠ
exchange	 ﾠto	 ﾠbe	 ﾠcarried	 ﾠout	 ﾠonce	 ﾠI	 ﾠhave	 ﾠa	 ﾠstable	 ﾠline	 ﾠ(Hu	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThis	 ﾠtechnique	 ﾠ
could	 ﾠbe	 ﾠused	 ﾠto	 ﾠboth	 ﾠexchange	 ﾠthe	 ﾠinserted	 ﾠtransgenes	 ﾠwith	 ﾠother	 ﾠcassettes,	 ﾠor	 ﾠ
could	 ﾠbe	 ﾠused	 ﾠto	 ﾠcorrect	 ﾠsituations	 ﾠwhere	 ﾠthe	 ﾠgene	 ﾠhas	 ﾠbeen	 ﾠinserted	 ﾠout-ﾭ‐of-ﾭ‐frame.	 ﾠ	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
	 ﾠ 234	 ﾠ
The	 ﾠFlipTrap	 ﾠtechnique	 ﾠin	 ﾠzebrafish	 ﾠhas	 ﾠbeen	 ﾠdeveloped	 ﾠto	 ﾠmake	 ﾠuse	 ﾠof	 ﾠ
fluorescent	 ﾠreporter	 ﾠconstructs	 ﾠflanked	 ﾠwith	 ﾠsplice	 ﾠacceptor	 ﾠand	 ﾠsplice	 ﾠdonor	 ﾠ
sequences	 ﾠin	 ﾠorder	 ﾠto	 ﾠgenerate	 ﾠfusion	 ﾠtranscripts	 ﾠbetween	 ﾠthe	 ﾠgene	 ﾠof	 ﾠinterest	 ﾠand	 ﾠ
the	 ﾠreporter	 ﾠconstruct	 ﾠ(Trinh	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThis	 ﾠtechnique	 ﾠwas	 ﾠoriginally	 ﾠdeveloped	 ﾠ
for	 ﾠTol2-ﾭ‐mediated	 ﾠintegration,	 ﾠwhereby	 ﾠthe	 ﾠoccasional	 ﾠrandom	 ﾠinsertion	 ﾠinto	 ﾠan	 ﾠ
intron	 ﾠresults	 ﾠin	 ﾠa	 ﾠfusion	 ﾠbetween	 ﾠthe	 ﾠreporter	 ﾠconstruct	 ﾠand	 ﾠsurrounding	 ﾠexons.	 ﾠ	 ﾠ
This	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠto	 ﾠgenerate	 ﾠfusion	 ﾠproteins	 ﾠwith	 ﾠGFP,	 ﾠallowing	 ﾠreal-ﾭ‐time	 ﾠ
visualisation	 ﾠof	 ﾠendogenous	 ﾠproteins	 ﾠin	 ﾠthe	 ﾠzebrafish.	 ﾠ	 ﾠCombining	 ﾠFlipTrap	 ﾠwith	 ﾠthe	 ﾠ
technique	 ﾠdescribed	 ﾠin	 ﾠthis	 ﾠChapter	 ﾠwould	 ﾠallow	 ﾠresearchers	 ﾠto	 ﾠgenerate	 ﾠfusions	 ﾠ
with	 ﾠthe	 ﾠendogenous	 ﾠprotein	 ﾠof	 ﾠtheir	 ﾠchoice.	 ﾠ	 ﾠThe	 ﾠtechnique	 ﾠinvolves	 ﾠtargeting	 ﾠgene	 ﾠ
introns	 ﾠand	 ﾠinserting	 ﾠsplice	 ﾠacceptor	 ﾠand	 ﾠdonor	 ﾠsites,	 ﾠand	 ﾠtherefore	 ﾠany	 ﾠimprecision	 ﾠ
around	 ﾠthe	 ﾠinsertion	 ﾠsite	 ﾠwould	 ﾠnot	 ﾠbe	 ﾠdetrimental	 ﾠto	 ﾠthe	 ﾠin-ﾭ‐frame	 ﾠtranslation	 ﾠof	 ﾠthe	 ﾠ
fusion	 ﾠprotein.	 ﾠ
I	 ﾠpresent	 ﾠpreliminary	 ﾠevidence	 ﾠto	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠdonor	 ﾠplasmid	 ﾠcan	 ﾠbe	 ﾠ
adapted	 ﾠfor	 ﾠinsertion	 ﾠwithout	 ﾠthe	 ﾠvector	 ﾠbackbone.	 ﾠ	 ﾠWhilst	 ﾠinsertion	 ﾠof	 ﾠthe	 ﾠbackbone	 ﾠ
doesn’t	 ﾠappear	 ﾠto	 ﾠbe	 ﾠtoxic	 ﾠfor	 ﾠthe	 ﾠzebrafish,	 ﾠthere	 ﾠis	 ﾠevidence	 ﾠto	 ﾠsuggest	 ﾠthat	 ﾠthis	 ﾠ
bacterial	 ﾠDNA	 ﾠcan	 ﾠlead	 ﾠto	 ﾠgene	 ﾠsilencing	 ﾠthrough	 ﾠhistone	 ﾠmodifications	 ﾠin	 ﾠ
mammalian	 ﾠcells	 ﾠ(Riu	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠPrevious	 ﾠstudies	 ﾠhave	 ﾠsuggested	 ﾠthat	 ﾠthe	 ﾠ
addition	 ﾠof	 ﾠLoxP	 ﾠsites	 ﾠcould	 ﾠbe	 ﾠused	 ﾠto	 ﾠremove	 ﾠthe	 ﾠbackbone	 ﾠafter	 ﾠstable	 ﾠintegration	 ﾠ
(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠI	 ﾠshow	 ﾠthat	 ﾠby	 ﾠimplementing	 ﾠa	 ﾠsecond	 ﾠTALEN	 ﾠbinding	 ﾠsite	 ﾠin	 ﾠ
the	 ﾠdonor	 ﾠplasmid,	 ﾠinsertion	 ﾠof	 ﾠthe	 ﾠcassette	 ﾠwithout	 ﾠthe	 ﾠsurrounding	 ﾠDNA	 ﾠis	 ﾠpossible	 ﾠ
in	 ﾠinjected	 ﾠembryos.	 ﾠ	 ﾠ
Investigations	 ﾠinto	 ﾠplzfa	 ﾠexpression	 ﾠ
Analysis	 ﾠof	 ﾠplzfa	 ﾠtranscript	 ﾠlevels	 ﾠsuggested	 ﾠthat	 ﾠexpression	 ﾠwas	 ﾠincreased	 ﾠin	 ﾠ
cells	 ﾠbeginning	 ﾠto	 ﾠundergo	 ﾠneurogenesis.	 ﾠ	 ﾠThese	 ﾠcells	 ﾠare	 ﾠbeginning	 ﾠto	 ﾠexpress	 ﾠ
neurog1	 ﾠand	 ﾠtherefore	 ﾠI	 ﾠhypothesised	 ﾠthat	 ﾠexpression	 ﾠof	 ﾠplzfa	 ﾠwould	 ﾠbe	 ﾠinduced	 ﾠ
downstream	 ﾠof	 ﾠthis	 ﾠproneural	 ﾠgene.	 ﾠ	 ﾠHowever,	 ﾠI	 ﾠfound	 ﾠthat	 ﾠsustained	 ﾠNeurog1	 ﾠ
overexpression	 ﾠleads	 ﾠto	 ﾠa	 ﾠslight	 ﾠdecrease	 ﾠin	 ﾠplzfa	 ﾠexpression.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠexperiment,	 ﾠI	 ﾠ
am	 ﾠforcing	 ﾠthese	 ﾠcells	 ﾠto	 ﾠembark	 ﾠon	 ﾠneuronal	 ﾠdifferentiation	 ﾠand	 ﾠtherefore	 ﾠthis	 ﾠslight	 ﾠ
decrease	 ﾠmay	 ﾠreflect	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠthese	 ﾠcells	 ﾠare	 ﾠat	 ﾠa	 ﾠpoint	 ﾠin	 ﾠthe	 ﾠneurogenic	 ﾠ
cascade	 ﾠwhen	 ﾠplzfa	 ﾠexpression	 ﾠis	 ﾠswitched	 ﾠoff.	 ﾠ	 ﾠA	 ﾠmore	 ﾠrelevant	 ﾠexperiment	 ﾠwould	 ﾠChapter	 ﾠ6:	 ﾠTargeted	 ﾠInsertions	 ﾠ
	 ﾠ 235	 ﾠ
be	 ﾠto	 ﾠprovide	 ﾠembryos	 ﾠwith	 ﾠa	 ﾠbrief	 ﾠburst	 ﾠof	 ﾠneurog1	 ﾠexpression	 ﾠand	 ﾠdetermine	 ﾠ
whether	 ﾠthis	 ﾠcan	 ﾠinduce	 ﾠplzfa	 ﾠexpression.	 ﾠ	 ﾠThis	 ﾠwould	 ﾠrequire	 ﾠmore	 ﾠsophisticated	 ﾠ
techniques	 ﾠto	 ﾠtemporally	 ﾠcontrol	 ﾠinduction	 ﾠof	 ﾠgene	 ﾠexpression,	 ﾠsuch	 ﾠas	 ﾠheat	 ﾠshock	 ﾠor	 ﾠ
GAL4/UAS	 ﾠapproaches	 ﾠ(Esengil	 ﾠand	 ﾠChen,	 ﾠ2008).	 ﾠ
The	 ﾠfinding	 ﾠthat	 ﾠplzfa	 ﾠis	 ﾠexpressed	 ﾠand	 ﾠmay	 ﾠhave	 ﾠa	 ﾠrole	 ﾠin	 ﾠdifferentiating	 ﾠcells	 ﾠ
has	 ﾠnot	 ﾠpreviously	 ﾠbeen	 ﾠreported	 ﾠfor	 ﾠstudies	 ﾠwithin	 ﾠthe	 ﾠnervous	 ﾠsystem	 ﾠ(Sobieszczuk	 ﾠ
et	 ﾠal.,	 ﾠ2010,	 ﾠGaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠThe	 ﾠimplications	 ﾠof	 ﾠthis	 ﾠwill	 ﾠbe	 ﾠdiscussed	 ﾠfurther	 ﾠin	 ﾠ
the	 ﾠnext	 ﾠchapter.	 ﾠ	 ﾠ
Conclusions	 ﾠ
In	 ﾠthis	 ﾠchapter	 ﾠI	 ﾠhave	 ﾠestablished	 ﾠa	 ﾠnovel	 ﾠtechnique	 ﾠfor	 ﾠtargeted	 ﾠinsertions	 ﾠ
into	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠusing	 ﾠTALENs	 ﾠas	 ﾠan	 ﾠalternative	 ﾠto	 ﾠhomologous	 ﾠ
recombination.	 ﾠ	 ﾠI’ve	 ﾠshown	 ﾠthat	 ﾠI	 ﾠam	 ﾠable	 ﾠto	 ﾠinsert	 ﾠexogenous	 ﾠDNA	 ﾠinto	 ﾠspecific	 ﾠ
locations	 ﾠof	 ﾠthe	 ﾠgenome	 ﾠwith	 ﾠa	 ﾠhigh	 ﾠefficiency	 ﾠand	 ﾠthat	 ﾠthese	 ﾠinsertions	 ﾠare	 ﾠ
transmitted	 ﾠthrough	 ﾠthe	 ﾠgermline.	 ﾠ	 ﾠI	 ﾠbelieve	 ﾠthat	 ﾠthis	 ﾠtechnique	 ﾠrepresents	 ﾠa	 ﾠ
significant	 ﾠaddition	 ﾠto	 ﾠour	 ﾠgrowing	 ﾠrepertoire	 ﾠof	 ﾠgenome	 ﾠengineering	 ﾠtools	 ﾠin	 ﾠthe	 ﾠ
zebrafish.	 ﾠ	 ﾠFinally,	 ﾠalthough	 ﾠthis	 ﾠwork	 ﾠhas	 ﾠfocussed	 ﾠon	 ﾠthe	 ﾠzebrafish,	 ﾠthis	 ﾠtechnique	 ﾠis	 ﾠ
likely	 ﾠto	 ﾠbe	 ﾠapplicable	 ﾠfor	 ﾠother	 ﾠmodel	 ﾠorganisms.	 ﾠ
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 ﾠ
Plzf	 ﾠand	 ﾠprogenitor	 ﾠmaintenance	 ﾠ
Generating	 ﾠthe	 ﾠappropriate	 ﾠnumber	 ﾠand	 ﾠtype	 ﾠof	 ﾠneural	 ﾠcells	 ﾠrequires	 ﾠprecise	 ﾠ
regulation	 ﾠof	 ﾠprogenitor	 ﾠcell	 ﾠmaintenance	 ﾠand	 ﾠcell	 ﾠdifferentiation.	 ﾠ	 ﾠPlzf	 ﾠis	 ﾠwidely	 ﾠ
expressed	 ﾠin	 ﾠneural	 ﾠprogenitors	 ﾠbut	 ﾠis	 ﾠlargely	 ﾠrestricted	 ﾠfrom	 ﾠpost-ﾭ‐mitotic	 ﾠ
differentiated	 ﾠneurons.	 ﾠ	 ﾠThis	 ﾠraises	 ﾠthe	 ﾠpossibility	 ﾠthat	 ﾠit	 ﾠhas	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠ
progenitors.	 ﾠPrevious	 ﾠdata	 ﾠfrom	 ﾠthe	 ﾠWilkinson	 ﾠlab	 ﾠshows	 ﾠthat	 ﾠPlzfa	 ﾠis	 ﾠtherefore	 ﾠable	 ﾠ
to	 ﾠinhibit	 ﾠprimary	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠembryo	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
During	 ﾠnormal	 ﾠdevelopment,	 ﾠNeurog1-ﾭ‐induced	 ﾠupregulation	 ﾠof	 ﾠBtbd6a	 ﾠin	 ﾠcells	 ﾠ
undergoing	 ﾠneurogenesis	 ﾠremoves	 ﾠPlzfa	 ﾠfunction.	 ﾠ	 ﾠConsequently,	 ﾠremoving	 ﾠPlzfa	 ﾠ
function	 ﾠthrough	 ﾠknockdown	 ﾠexperiments	 ﾠhas	 ﾠno	 ﾠeffect	 ﾠupon	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠneurons	 ﾠ
produced	 ﾠduring	 ﾠprimary	 ﾠneurogenesis.	 ﾠ	 ﾠOnly	 ﾠif	 ﾠNotch	 ﾠactivity	 ﾠis	 ﾠattenuated	 ﾠdoes	 ﾠthe	 ﾠ
knockdown	 ﾠof	 ﾠendogenous	 ﾠPlzfa	 ﾠreveal	 ﾠa	 ﾠphenotype	 ﾠrelated	 ﾠto	 ﾠan	 ﾠinhibition	 ﾠof	 ﾠ
neurogenesis.	 ﾠ
I	 ﾠexplored	 ﾠthe	 ﾠidea	 ﾠthat	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠPlzfa	 ﾠwas	 ﾠnot	 ﾠentirely	 ﾠredundant	 ﾠto	 ﾠ
Notch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition	 ﾠand	 ﾠasked	 ﾠwhether	 ﾠredundancy	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠ
Plzf	 ﾠproteins	 ﾠin	 ﾠzebrafish	 ﾠwas	 ﾠable	 ﾠto	 ﾠmask	 ﾠany	 ﾠphenotype	 ﾠrelated	 ﾠto	 ﾠthe	 ﾠsingle	 ﾠ
knockdown	 ﾠin	 ﾠChapter	 ﾠ4.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠbased	 ﾠupon	 ﾠthe	 ﾠfinding	 ﾠthat	 ﾠthe	 ﾠmRNA	 ﾠof	 ﾠboth	 ﾠ
paralogues	 ﾠwas	 ﾠexpressed	 ﾠin	 ﾠneural	 ﾠprogenitors	 ﾠof	 ﾠthe	 ﾠhindbrain.	 ﾠ	 ﾠKnocking	 ﾠdown	 ﾠ
both	 ﾠparalogues	 ﾠusing	 ﾠMOs	 ﾠresulted	 ﾠin	 ﾠa	 ﾠphenotype	 ﾠthat	 ﾠI	 ﾠattributed	 ﾠto	 ﾠa	 ﾠmild	 ﾠ
decrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠneural	 ﾠprogenitors	 ﾠpresent.	 ﾠ	 ﾠThis	 ﾠwas	 ﾠevident	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠ
and	 ﾠrevealed	 ﾠby	 ﾠa	 ﾠdisruption	 ﾠto	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠdifferentiated	 ﾠneurons	 ﾠin	 ﾠthe	 ﾠ
hindbrain.	 ﾠ	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠthis	 ﾠloss	 ﾠof	 ﾠprogenitors	 ﾠwas	 ﾠcaused	 ﾠby	 ﾠ
premature	 ﾠdifferentiation	 ﾠor	 ﾠby	 ﾠdecreased	 ﾠprogenitor	 ﾠproliferation.	 ﾠ
Due	 ﾠto	 ﾠconcerns	 ﾠover	 ﾠthe	 ﾠspecificity	 ﾠof	 ﾠthe	 ﾠMOs,	 ﾠtogether	 ﾠthe	 ﾠrecent	 ﾠ
development	 ﾠof	 ﾠTALEN	 ﾠtechnology,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠexplore	 ﾠthis	 ﾠphenotype	 ﾠfurther	 ﾠby	 ﾠ
generating	 ﾠzebrafish	 ﾠembryos	 ﾠcontaining	 ﾠloss-ﾭ‐of-ﾭ‐function	 ﾠmutations	 ﾠin	 ﾠplzfa	 ﾠand	 ﾠ
plzfb	 ﾠin	 ﾠChapter	 ﾠ5.	 ﾠ	 ﾠExamining	 ﾠthe	 ﾠsame	 ﾠmarkers	 ﾠused	 ﾠfor	 ﾠphenotypic	 ﾠanalysis	 ﾠin	 ﾠthe	 ﾠ
morphant	 ﾠembryos	 ﾠdid	 ﾠnot	 ﾠreveal	 ﾠany	 ﾠdefect	 ﾠin	 ﾠprogenitor	 ﾠmaintenance.	 ﾠ	 ﾠAfter	 ﾠ
exploring	 ﾠvarious	 ﾠpossibilities,	 ﾠI	 ﾠpropose	 ﾠthat	 ﾠthe	 ﾠphenotype	 ﾠI	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠdouble	 ﾠ
morphants	 ﾠis	 ﾠa	 ﾠcaused	 ﾠby	 ﾠTp53-ﾭ‐independent	 ﾠtoxicity	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠmorpholino	 ﾠusage.	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
	 ﾠ 237	 ﾠ
It	 ﾠis	 ﾠinteresting	 ﾠto	 ﾠconsider	 ﾠwhat	 ﾠcould	 ﾠbe	 ﾠcausing	 ﾠthe	 ﾠphenotype	 ﾠI	 ﾠobserve	 ﾠin	 ﾠ
the	 ﾠMO	 ﾠknockdowns.	 ﾠ	 ﾠI	 ﾠobserve	 ﾠa	 ﾠglobal	 ﾠdelay	 ﾠin	 ﾠdevelopment	 ﾠupon	 ﾠinjection	 ﾠof	 ﾠthe	 ﾠ
plzfa	 ﾠMO,	 ﾠirrespective	 ﾠof	 ﾠTp53	 ﾠfunction.	 ﾠ	 ﾠI	 ﾠcarried	 ﾠout	 ﾠcareful	 ﾠcontrols	 ﾠto	 ﾠensure	 ﾠthat	 ﾠ
the	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠeither	 ﾠcontrol	 ﾠor	 ﾠplzfa	 ﾠMOs	 ﾠwere	 ﾠmatched	 ﾠby	 ﾠ
developmental	 ﾠstage	 ﾠrather	 ﾠthan	 ﾠtime	 ﾠand	 ﾠtherefore	 ﾠI	 ﾠdon’t	 ﾠbelieve	 ﾠthat	 ﾠthe	 ﾠdelay	 ﾠ
can	 ﾠpurely	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠobserved	 ﾠphenotype.	 ﾠ
The	 ﾠmechanism	 ﾠby	 ﾠwhich	 ﾠMOs	 ﾠare	 ﾠable	 ﾠto	 ﾠactivate	 ﾠTp53	 ﾠactivity	 ﾠis	 ﾠnot	 ﾠknown	 ﾠ
(Robu	 ﾠet	 ﾠal.,	 ﾠ2007,	 ﾠGerety	 ﾠand	 ﾠWilkinson,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠnormal	 ﾠfunction	 ﾠof	 ﾠthe	 ﾠTp53	 ﾠ
protein	 ﾠis	 ﾠto	 ﾠintegrate	 ﾠmultiple	 ﾠsignalling	 ﾠpathways	 ﾠactivated	 ﾠin	 ﾠresponse	 ﾠto	 ﾠstress	 ﾠ
signals	 ﾠand	 ﾠresult	 ﾠin	 ﾠapoptosis	 ﾠof	 ﾠthe	 ﾠaffected	 ﾠcell	 ﾠ(Murray-ﾭ‐Zmijewski	 ﾠet	 ﾠal.,	 ﾠ2006).	 ﾠ	 ﾠIt	 ﾠ
is	 ﾠtherefore	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠoff-ﾭ‐target	 ﾠaffects	 ﾠassociated	 ﾠwith	 ﾠMO	 ﾠusage	 ﾠare	 ﾠcaused	 ﾠ
by	 ﾠactivation	 ﾠof	 ﾠstress	 ﾠpathways.	 ﾠ	 ﾠTherefore,	 ﾠwhilst	 ﾠblocking	 ﾠTp53	 ﾠfunction	 ﾠmay	 ﾠ
prevent	 ﾠcell	 ﾠapoptosis,	 ﾠother	 ﾠoutcomes	 ﾠof	 ﾠcell	 ﾠstress	 ﾠsuch	 ﾠas	 ﾠcell	 ﾠcycle	 ﾠarrest	 ﾠmay	 ﾠbe	 ﾠ
relevant	 ﾠin	 ﾠMO	 ﾠinjected	 ﾠembryos	 ﾠand	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠmorphant	 ﾠphenotype.	 ﾠ	 ﾠ
Preliminary	 ﾠexperiments	 ﾠinvestigating	 ﾠthis	 ﾠshowed	 ﾠthat	 ﾠthermal	 ﾠstress	 ﾠwas	 ﾠunable	 ﾠto	 ﾠ
recreate	 ﾠthe	 ﾠspurious	 ﾠphenotypes	 ﾠobserved	 ﾠupon	 ﾠMO	 ﾠinjection	 ﾠ(Law	 ﾠand	 ﾠSargent,	 ﾠ
2014).	 ﾠ	 ﾠComponents	 ﾠof	 ﾠprotein	 ﾠkinase	 ﾠcascades	 ﾠpathways	 ﾠdownstream	 ﾠof	 ﾠstress	 ﾠ
stimuli	 ﾠshould	 ﾠbe	 ﾠanalysed	 ﾠin	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠMO	 ﾠinjection	 ﾠin	 ﾠorder	 ﾠto	 ﾠinvestigate	 ﾠthis	 ﾠ
concept	 ﾠfurther	 ﾠ(Kyriakis	 ﾠand	 ﾠAvruch,	 ﾠ1996).	 ﾠ
Based	 ﾠupon	 ﾠthese	 ﾠresults,	 ﾠit	 ﾠtherefore	 ﾠseems	 ﾠlikely	 ﾠthat	 ﾠthe	 ﾠoriginal	 ﾠ
hypothesis	 ﾠthat	 ﾠPlzfa	 ﾠfunction	 ﾠin	 ﾠpreventing	 ﾠthe	 ﾠonset	 ﾠof	 ﾠneurogenesis	 ﾠis	 ﾠentirely	 ﾠ
redundant	 ﾠto	 ﾠNotch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition	 ﾠstill	 ﾠstands.	 ﾠ	 ﾠFurther	 ﾠanalysis	 ﾠwith	 ﾠ
markers	 ﾠof	 ﾠneuronal	 ﾠdifferentiation	 ﾠis	 ﾠrequired	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠremoving	 ﾠPlzfa	 ﾠ
and/or	 ﾠPlzfb	 ﾠelicits	 ﾠa	 ﾠphenotype.	 ﾠ	 ﾠOne	 ﾠway	 ﾠto	 ﾠdoing	 ﾠthis	 ﾠwould	 ﾠbe	 ﾠto	 ﾠcarry	 ﾠout	 ﾠglobal	 ﾠ
expression	 ﾠanalysis	 ﾠby	 ﾠRNA-ﾭ‐Seq	 ﾠof	 ﾠthe	 ﾠmutant	 ﾠcompared	 ﾠto	 ﾠwild	 ﾠtype	 ﾠembryos.	 ﾠ	 ﾠThis	 ﾠ
was	 ﾠan	 ﾠoriginal	 ﾠaim	 ﾠof	 ﾠgenerating	 ﾠzebrafish	 ﾠmutant	 ﾠlines,	 ﾠbut	 ﾠwas	 ﾠabandoned	 ﾠwhen	 ﾠI	 ﾠ
was	 ﾠunable	 ﾠrecapitulate	 ﾠthe	 ﾠsame	 ﾠphenotype	 ﾠobserved	 ﾠin	 ﾠthese	 ﾠmorphants.	 ﾠ
Prospective	 ﾠtranscriptional	 ﾠtargets	 ﾠ
Unfortunately,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠfailure	 ﾠof	 ﾠthe	 ﾠChIP-ﾭ‐Seq	 ﾠexperiment	 ﾠI	 ﾠwas	 ﾠunable	 ﾠto	 ﾠ
obtain	 ﾠa	 ﾠlist	 ﾠof	 ﾠtranscriptional	 ﾠtargets	 ﾠthat	 ﾠPlzf	 ﾠin	 ﾠorder	 ﾠto	 ﾠunderstand	 ﾠhow	 ﾠit	 ﾠis	 ﾠ
carrying	 ﾠout	 ﾠits	 ﾠfunction	 ﾠin	 ﾠChapter	 ﾠ3.	 ﾠ	 ﾠIn	 ﾠother	 ﾠsystems,	 ﾠPlzf	 ﾠis	 ﾠknown	 ﾠto	 ﾠdirectly	 ﾠbind	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
	 ﾠ 238	 ﾠ
and	 ﾠeither	 ﾠrepress	 ﾠor	 ﾠactivate	 ﾠtranscription	 ﾠas	 ﾠdescribed	 ﾠwithin	 ﾠChapter	 ﾠ1.	 ﾠ	 ﾠA	 ﾠnumber	 ﾠ
of	 ﾠthese	 ﾠtarget	 ﾠgenes	 ﾠhave	 ﾠroles	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠthat	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠ
Plzf	 ﾠin	 ﾠinhibiting	 ﾠneurogenesis.	 ﾠ	 ﾠ	 ﾠ
Examples	 ﾠof	 ﾠthis	 ﾠinclude	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠId	 ﾠfamily	 ﾠof	 ﾠproteins,	 ﾠwhich	 ﾠhave	 ﾠ
roles	 ﾠin	 ﾠinhibiting	 ﾠregulating	 ﾠproliferation	 ﾠand	 ﾠdifferentiation	 ﾠof	 ﾠvarious	 ﾠcell	 ﾠtypes,	 ﾠ
including	 ﾠin	 ﾠthe	 ﾠnervous	 ﾠsystem.	 ﾠ	 ﾠThere	 ﾠis	 ﾠevidence	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠable	 ﾠto	 ﾠdrive	 ﾠ
expression	 ﾠof	 ﾠId2	 ﾠin	 ﾠboth	 ﾠmyeloid	 ﾠand	 ﾠnatural	 ﾠkiller	 ﾠT	 ﾠcells	 ﾠ(Doulatov	 ﾠet	 ﾠal.,	 ﾠ2009,	 ﾠ
Gleimer	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠIn	 ﾠthe	 ﾠspermatogonial	 ﾠstem	 ﾠcells,	 ﾠPlzf	 ﾠpositively	 ﾠregulates	 ﾠ
expression	 ﾠof	 ﾠRedd1,	 ﾠwhich	 ﾠcontrols	 ﾠthe	 ﾠability	 ﾠof	 ﾠthese	 ﾠcells	 ﾠto	 ﾠself-ﾭ‐renew	 ﾠ(Hobbs	 ﾠet	 ﾠ
al.,	 ﾠ2010).	 ﾠ	 ﾠThis	 ﾠsame	 ﾠgene	 ﾠhas	 ﾠbeen	 ﾠinvestigated	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠmouse	 ﾠcerebral	 ﾠ
cortex	 ﾠwhere	 ﾠthey	 ﾠhave	 ﾠshown	 ﾠRedd1	 ﾠacts	 ﾠto	 ﾠprevent	 ﾠcell	 ﾠcycle	 ﾠexit	 ﾠand	 ﾠneuronal	 ﾠ
differentiation	 ﾠ(Malagelada	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠ
Potential	 ﾠredundancy	 ﾠwith	 ﾠother	 ﾠfamily	 ﾠmembers	 ﾠ
Studies	 ﾠin	 ﾠthe	 ﾠmouse	 ﾠand	 ﾠchicken	 ﾠspinal	 ﾠcord	 ﾠhave	 ﾠdemonstrated	 ﾠa	 ﾠfunction	 ﾠ
for	 ﾠPlzf	 ﾠin	 ﾠprogenitor	 ﾠmaintenance	 ﾠthat	 ﾠisn’t	 ﾠredundant	 ﾠto	 ﾠNotch	 ﾠsignalling	 ﾠ(Gaber	 ﾠet	 ﾠ
al.,	 ﾠ2013).	 ﾠ	 ﾠThe	 ﾠabsence	 ﾠof	 ﾠthe	 ﾠsame	 ﾠphenotype	 ﾠin	 ﾠthe	 ﾠmutant	 ﾠzebrafish	 ﾠhindbrain	 ﾠ
may	 ﾠhighlight	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠcontrol	 ﾠof	 ﾠneurogenesis	 ﾠbetween	 ﾠdifferent	 ﾠspecies	 ﾠ
or	 ﾠthe	 ﾠdifferent	 ﾠtissues.	 ﾠ	 ﾠIt	 ﾠshould	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠthe	 ﾠphenotypes	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠCNS	 ﾠ
of	 ﾠother	 ﾠorganisms	 ﾠare	 ﾠrelatively	 ﾠmild	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠand	 ﾠthe	 ﾠadult	 ﾠknockout	 ﾠ
mice	 ﾠare	 ﾠviable	 ﾠ(Barna	 ﾠet	 ﾠal.,	 ﾠ2000).	 ﾠ	 ﾠ	 ﾠ
The	 ﾠpartial	 ﾠphenotype	 ﾠobserved	 ﾠupon	 ﾠremoval	 ﾠof	 ﾠPlzf	 ﾠfunction	 ﾠmay	 ﾠbe	 ﾠ
indicative	 ﾠof	 ﾠfunctional	 ﾠredundancy	 ﾠwith	 ﾠother	 ﾠBTB	 ﾠdomain	 ﾠcontaining	 ﾠfamily	 ﾠ
members.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠmouse	 ﾠgenome,	 ﾠa	 ﾠhighly	 ﾠsimilar	 ﾠgene	 ﾠto	 ﾠPlzf	 ﾠknown	 ﾠas	 ﾠFazf	 ﾠ(also	 ﾠ
termed	 ﾠPlzf2	 ﾠor	 ﾠZbtb32)	 ﾠhas	 ﾠbeen	 ﾠanalysed	 ﾠ(Zhang	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠThis	 ﾠgene,	 ﾠwhich	 ﾠis	 ﾠ
believed	 ﾠto	 ﾠhave	 ﾠarisen	 ﾠfrom	 ﾠa	 ﾠgenome	 ﾠduplication	 ﾠevent,	 ﾠencodes	 ﾠa	 ﾠprotein	 ﾠwith	 ﾠa	 ﾠ
high	 ﾠdegree	 ﾠof	 ﾠsimilarity	 ﾠto	 ﾠPlzf,	 ﾠhas	 ﾠbeen	 ﾠfound	 ﾠexpressed	 ﾠin	 ﾠa	 ﾠsimilar	 ﾠpattern	 ﾠto	 ﾠPlzf	 ﾠ
in	 ﾠhematopoietic	 ﾠprogenitor	 ﾠcells	 ﾠand	 ﾠits	 ﾠforced	 ﾠexpression	 ﾠis	 ﾠalso	 ﾠcapable	 ﾠof	 ﾠ
inhibiting	 ﾠcell	 ﾠproliferation	 ﾠ(Dai	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠFurther	 ﾠevidence	 ﾠhas	 ﾠshown	 ﾠFazf	 ﾠis	 ﾠ
capable	 ﾠof	 ﾠspecifically	 ﾠbinding	 ﾠthe	 ﾠsame	 ﾠtarget	 ﾠsequences	 ﾠas	 ﾠPlzf	 ﾠand	 ﾠthat	 ﾠit	 ﾠcan	 ﾠ
heterodimerise	 ﾠwith	 ﾠPlzf	 ﾠ(Hoatlin	 ﾠet	 ﾠal.,	 ﾠ1999).	 ﾠ	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠhypothesised	 ﾠthat	 ﾠthe	 ﾠ
Fazf	 ﾠprotein	 ﾠis	 ﾠfunctionally	 ﾠredundant	 ﾠto	 ﾠPlzf	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠhematopoietic	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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 ﾠ
system,	 ﾠaccounting	 ﾠfor	 ﾠthe	 ﾠlack	 ﾠof	 ﾠa	 ﾠrelevant	 ﾠphenotype	 ﾠseen	 ﾠin	 ﾠthe	 ﾠknockout	 ﾠmouse	 ﾠ
(Mcconnell	 ﾠand	 ﾠLicht,	 ﾠ2007).	 ﾠ
Another	 ﾠinteresting	 ﾠcandidate	 ﾠfor	 ﾠfunctional	 ﾠredundancy	 ﾠis	 ﾠthe	 ﾠDpzf	 ﾠ(Zbtb20)	 ﾠ
protein.	 ﾠ	 ﾠThis	 ﾠtranscription	 ﾠfactor	 ﾠis	 ﾠknown	 ﾠto	 ﾠinteract	 ﾠwith	 ﾠthe	 ﾠsame	 ﾠDNA	 ﾠbinding	 ﾠ
site	 ﾠas	 ﾠPlzf	 ﾠand	 ﾠis	 ﾠexpressed	 ﾠduring	 ﾠhippocampal	 ﾠneurogenesis	 ﾠin	 ﾠthe	 ﾠmouse	 ﾠ
(Mitchelmore	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠPerforming	 ﾠa	 ﾠsearch	 ﾠon	 ﾠthe	 ﾠZebrafish	 ﾠInformation	 ﾠ
Network	 ﾠ(Sprague	 ﾠet	 ﾠal.,	 ﾠ2006)	 ﾠreveals	 ﾠthat	 ﾠat	 ﾠleast	 ﾠ4	 ﾠother	 ﾠzbtb	 ﾠfamily	 ﾠmembers	 ﾠare	 ﾠ
expressed	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠzebrafish	 ﾠCNS	 ﾠ(zbtb2b,	 ﾠzbtb4,	 ﾠzbtb8os,	 ﾠzbtb10).	 ﾠ	 ﾠ
Whether	 ﾠthese	 ﾠor	 ﾠother	 ﾠtranscription	 ﾠfactors	 ﾠhave	 ﾠfunctional	 ﾠroles	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠ
CNS	 ﾠand	 ﾠcan	 ﾠcompensate	 ﾠfor	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠPlzfa	 ﾠremains	 ﾠto	 ﾠbe	 ﾠstudied.	 ﾠ
Consistent	 ﾠwith	 ﾠthe	 ﾠidea	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠredundant	 ﾠwith	 ﾠother	 ﾠfactors,	 ﾠthere	 ﾠis	 ﾠ
evidence	 ﾠfrom	 ﾠprevious	 ﾠwork	 ﾠthat	 ﾠPlzfa	 ﾠis	 ﾠnot	 ﾠthe	 ﾠonly	 ﾠtarget	 ﾠof	 ﾠBtbd6a	 ﾠfor	 ﾠ
degradation	 ﾠduring	 ﾠzebrafish	 ﾠprimary	 ﾠneurogenesis	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
Ectopic	 ﾠexpression	 ﾠof	 ﾠBtbd6a	 ﾠresults	 ﾠin	 ﾠa	 ﾠdramatic	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠamount	 ﾠof	 ﾠcells	 ﾠ
undergoing	 ﾠneurogenesis,	 ﾠyet	 ﾠknockdown	 ﾠof	 ﾠPlzfa	 ﾠdoes	 ﾠnot	 ﾠreveal	 ﾠthe	 ﾠidentical	 ﾠ
phenotype.	 ﾠ
Plzfa	 ﾠacts	 ﾠat	 ﾠmultiple	 ﾠsteps	 ﾠin	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠ
In	 ﾠthis	 ﾠthesis	 ﾠI	 ﾠpresent	 ﾠevidence	 ﾠthat	 ﾠPlzf	 ﾠis	 ﾠexpressed	 ﾠin	 ﾠcells	 ﾠthat	 ﾠare	 ﾠ
undergoing	 ﾠneuronal	 ﾠdifferentiation	 ﾠas	 ﾠwell	 ﾠas	 ﾠin	 ﾠneural	 ﾠprogenitors.	 ﾠ	 ﾠBoth	 ﾠthe	 ﾠ
plzfa:eGFP	 ﾠtransient	 ﾠtransgenic	 ﾠembryos	 ﾠand	 ﾠanalysis	 ﾠby	 ﾠfluorescent	 ﾠISH	 ﾠsuggest	 ﾠthat	 ﾠ
plzfa	 ﾠtranscription	 ﾠis	 ﾠincreased	 ﾠin	 ﾠcells	 ﾠexiting	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠbeginning	 ﾠto	 ﾠ
undergo	 ﾠdifferentiation.	 ﾠ	 ﾠThis	 ﾠupregulation	 ﾠcoincides	 ﾠwith	 ﾠexpression	 ﾠof	 ﾠthe	 ﾠ
proneural	 ﾠgene	 ﾠneurog1,	 ﾠwhich	 ﾠis	 ﾠtherefore	 ﾠa	 ﾠcandidate	 ﾠtranscription	 ﾠfactor	 ﾠthat	 ﾠis	 ﾠ
responsible	 ﾠfor	 ﾠplzfa	 ﾠexpression.	 ﾠ	 ﾠI	 ﾠattempted	 ﾠto	 ﾠconfirm	 ﾠthis	 ﾠusing	 ﾠgain	 ﾠand	 ﾠloss-ﾭ‐of-ﾭ‐
function	 ﾠexperiments,	 ﾠbut	 ﾠwas	 ﾠunable	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠneurog1	 ﾠis	 ﾠupstream	 ﾠof	 ﾠ
plzfa	 ﾠtranscription.	 ﾠ	 ﾠInterestingly,	 ﾠthese	 ﾠcells	 ﾠexpressing	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠthe	 ﾠ
transcript	 ﾠdid	 ﾠnot	 ﾠappear	 ﾠto	 ﾠcontain	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠPlzfa	 ﾠprotein.	 ﾠ
The	 ﾠpreviously	 ﾠpublished	 ﾠresults	 ﾠshowed	 ﾠthat	 ﾠPlzfa	 ﾠis	 ﾠable	 ﾠto	 ﾠinhibit	 ﾠ
expression	 ﾠof	 ﾠneurog1	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠand	 ﾠtherefore	 ﾠprevent	 ﾠthe	 ﾠonset	 ﾠof	 ﾠ
neuronal	 ﾠdifferentiation.	 ﾠ	 ﾠThe	 ﾠmodel	 ﾠproposes	 ﾠthat	 ﾠdifferentiating	 ﾠcells	 ﾠare	 ﾠable	 ﾠto	 ﾠ
overcome	 ﾠthis	 ﾠinhibition	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠNeurog1-ﾭ‐diven	 ﾠexpression	 ﾠof	 ﾠbtbd6a	 ﾠthat	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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leads	 ﾠto	 ﾠdegradation	 ﾠof	 ﾠPlzfa.	 ﾠ	 ﾠThe	 ﾠobservation	 ﾠthat	 ﾠendogenous	 ﾠPlzf	 ﾠprotein	 ﾠis	 ﾠ
present	 ﾠin	 ﾠcells	 ﾠbeginning	 ﾠto	 ﾠundergo	 ﾠneurogenesis	 ﾠsuggests	 ﾠthat	 ﾠPlzfa	 ﾠprotein	 ﾠis	 ﾠ
removed	 ﾠat	 ﾠa	 ﾠlater	 ﾠstage	 ﾠin	 ﾠthe	 ﾠneurogenic	 ﾠcascade	 ﾠand	 ﾠposes	 ﾠthe	 ﾠquestion	 ﾠof	 ﾠ
whether	 ﾠit	 ﾠhas	 ﾠa	 ﾠfunction	 ﾠin	 ﾠthese	 ﾠcells.	 ﾠ
As	 ﾠwell	 ﾠas	 ﾠmy	 ﾠexpression	 ﾠanalysis,	 ﾠprevious	 ﾠobservations	 ﾠalso	 ﾠprovided	 ﾠsome	 ﾠ
evidence	 ﾠthat	 ﾠPlzfa	 ﾠfunctions	 ﾠat	 ﾠlater	 ﾠstages	 ﾠof	 ﾠdifferentiation.	 ﾠ	 ﾠPartial	 ﾠknockdown	 ﾠof	 ﾠ
Btbd6a	 ﾠin	 ﾠzebrafish	 ﾠresulted	 ﾠin	 ﾠa	 ﾠdecrease	 ﾠof	 ﾠlate	 ﾠmarkers	 ﾠof	 ﾠneurogenesis,	 ﾠsuch	 ﾠas	 ﾠ
deltaB	 ﾠand	 ﾠislet1,	 ﾠbut	 ﾠhad	 ﾠlittle	 ﾠeffect	 ﾠon	 ﾠneurog1	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠIn	 ﾠ
contrast,	 ﾠcomplete	 ﾠknockdown	 ﾠof	 ﾠBtbd6a	 ﾠled	 ﾠto	 ﾠa	 ﾠdecrease	 ﾠof	 ﾠall	 ﾠmarkers	 ﾠof	 ﾠ
neurogenesis.	 ﾠ	 ﾠStudies	 ﾠon	 ﾠthe	 ﾠXenopus	 ﾠhomologue	 ﾠof	 ﾠbtbd6	 ﾠfound	 ﾠthat	 ﾠknockdown	 ﾠ
results	 ﾠin	 ﾠdecreased	 ﾠexpression	 ﾠof	 ﾠlate	 ﾠmarkers	 ﾠwithout	 ﾠaffecting	 ﾠearly	 ﾠmarkers	 ﾠ(Bury	 ﾠ
et	 ﾠal.,	 ﾠ2008).	 ﾠ	 ﾠFinally,	 ﾠbtbd6	 ﾠwas	 ﾠfound	 ﾠto	 ﾠbe	 ﾠa	 ﾠdirect	 ﾠtranscriptional	 ﾠtarget	 ﾠof	 ﾠNeuroD	 ﾠ
but	 ﾠnot	 ﾠNeurog1	 ﾠin	 ﾠXenopus	 ﾠectodermal	 ﾠexplants	 ﾠ(Seo	 ﾠet	 ﾠal.,	 ﾠ2007).	 ﾠ	 ﾠThese	 ﾠresults	 ﾠ
suggest	 ﾠthat	 ﾠbtbd6a	 ﾠexpression	 ﾠand	 ﾠfunction	 ﾠmay	 ﾠalso	 ﾠbe	 ﾠacting	 ﾠduring	 ﾠlate	 ﾠstages	 ﾠof	 ﾠ
neuronal	 ﾠdifferentiation.	 ﾠ
Other	 ﾠgenes	 ﾠthat	 ﾠhave	 ﾠa	 ﾠsimilar	 ﾠexpression	 ﾠpattern	 ﾠto	 ﾠplzfa	 ﾠare	 ﾠknown	 ﾠto	 ﾠ
regulate	 ﾠgenes	 ﾠexpressed	 ﾠat	 ﾠdifferent	 ﾠphases	 ﾠof	 ﾠthe	 ﾠneurogenic	 ﾠcascade.	 ﾠ	 ﾠOne	 ﾠ
example	 ﾠis	 ﾠmiR-ﾭ‐9,	 ﾠwhich	 ﾠhas	 ﾠan	 ﾠexpression	 ﾠpattern	 ﾠthat	 ﾠis	 ﾠreminiscent	 ﾠto	 ﾠplzfa	 ﾠat	 ﾠ42	 ﾠ
hpf	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain	 ﾠ(Coolen	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠmiR-ﾭ‐9	 ﾠfunctions	 ﾠboth	 ﾠin	 ﾠ
progenitors,	 ﾠhaving	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠrelating	 ﾠto	 ﾠprogenitor	 ﾠmaintenance	 ﾠ(Bonev	 ﾠet	 ﾠ
al.,	 ﾠ2011,	 ﾠBonev	 ﾠet	 ﾠal.,	 ﾠ2012),	 ﾠand	 ﾠalso	 ﾠin	 ﾠdifferentiating	 ﾠcells	 ﾠwhere	 ﾠit	 ﾠprevents	 ﾠcell	 ﾠ
cycle	 ﾠexit	 ﾠby	 ﾠinhibiting	 ﾠelavl3	 ﾠ(HuC)	 ﾠtranscription	 ﾠ(Coolen	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠI	 ﾠtherefore	 ﾠ
aimed	 ﾠto	 ﾠdetermine	 ﾠwhether	 ﾠPlzfa	 ﾠwas	 ﾠacting	 ﾠat	 ﾠmultiple	 ﾠsteps	 ﾠin	 ﾠthe	 ﾠneurogenic	 ﾠ
cascade.	 ﾠ
To	 ﾠtest	 ﾠthis,	 ﾠI	 ﾠaimed	 ﾠto	 ﾠforce	 ﾠcells	 ﾠto	 ﾠundergo	 ﾠneurogenesis	 ﾠand	 ﾠdetermine	 ﾠ
whether	 ﾠthe	 ﾠaddition	 ﾠof	 ﾠPlzfa	 ﾠwould	 ﾠinhibit	 ﾠexpression	 ﾠof	 ﾠlate	 ﾠneurogenic	 ﾠmarkers,	 ﾠ
such	 ﾠas	 ﾠneurod4.	 ﾠ	 ﾠInjecting	 ﾠembryos	 ﾠwith	 ﾠneurog1	 ﾠRNA	 ﾠresulted	 ﾠin	 ﾠectopic	 ﾠneurod4	 ﾠ
expressing	 ﾠcells,	 ﾠwhilst	 ﾠembryos	 ﾠcoinjected	 ﾠwith	 ﾠPlzfa	 ﾠRNA	 ﾠshowed	 ﾠwild-ﾭ‐type	 ﾠlevels	 ﾠ
of	 ﾠneurod4	 ﾠexpression.	 ﾠ	 ﾠThis	 ﾠis	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠidea	 ﾠthat	 ﾠPlzfa	 ﾠis	 ﾠable	 ﾠto	 ﾠinhibit	 ﾠ
neurogenesis	 ﾠby	 ﾠreducing	 ﾠexpression	 ﾠof	 ﾠproneural	 ﾠgenes	 ﾠat	 ﾠmultiple	 ﾠsteps	 ﾠin	 ﾠthe	 ﾠ
cascade.	 ﾠ	 ﾠKnowledge	 ﾠof	 ﾠthe	 ﾠdirect	 ﾠtranscriptional	 ﾠtargets	 ﾠwould	 ﾠprovide	 ﾠus	 ﾠwith	 ﾠthe	 ﾠ
mechanism	 ﾠhow	 ﾠPlzf	 ﾠis	 ﾠable	 ﾠto	 ﾠdo	 ﾠthis.	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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Although	 ﾠthe	 ﾠexperiments	 ﾠare	 ﾠnot	 ﾠyet	 ﾠcomplete	 ﾠand	 ﾠfinal	 ﾠconclusions	 ﾠcannot	 ﾠ
be	 ﾠdrawn,	 ﾠI	 ﾠcan	 ﾠput	 ﾠforward	 ﾠa	 ﾠhypothesis	 ﾠto	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠresults.	 ﾠ	 ﾠIn	 ﾠneural	 ﾠ
progenitor	 ﾠcells	 ﾠin	 ﾠthe	 ﾠventricular	 ﾠzone,	 ﾠNeurog1	 ﾠprotein	 ﾠexpression	 ﾠis	 ﾠeither	 ﾠat	 ﾠlow	 ﾠ
levels	 ﾠor	 ﾠis	 ﾠoscillating,	 ﾠdepending	 ﾠupon	 ﾠwhether	 ﾠthe	 ﾠoscillatory	 ﾠdynamics	 ﾠobserved	 ﾠin	 ﾠ
the	 ﾠneural	 ﾠepithelium	 ﾠof	 ﾠother	 ﾠvertebrates	 ﾠholds	 ﾠtrue	 ﾠfor	 ﾠthe	 ﾠzebrafish.	 ﾠ	 ﾠIn	 ﾠthese	 ﾠ
progenitor	 ﾠcells,	 ﾠan	 ﾠunknown	 ﾠfactor	 ﾠis	 ﾠdriving	 ﾠplzfa	 ﾠtranscription	 ﾠand	 ﾠthe	 ﾠPlzfa	 ﾠ
protein	 ﾠis	 ﾠacting	 ﾠto	 ﾠinhibit	 ﾠneurog1	 ﾠexpression.	 ﾠ	 ﾠThe	 ﾠdecision	 ﾠto	 ﾠcommit	 ﾠtowards	 ﾠa	 ﾠ
neurogenic	 ﾠfate	 ﾠis	 ﾠlargely	 ﾠgoverned	 ﾠby	 ﾠNotch-ﾭ‐mediated	 ﾠlateral	 ﾠinhibition.	 ﾠ
When	 ﾠcells	 ﾠbegin	 ﾠto	 ﾠexit	 ﾠthe	 ﾠventricular	 ﾠzone	 ﾠand	 ﾠinitiate	 ﾠthe	 ﾠneurogenic	 ﾠ
cascade,	 ﾠthey	 ﾠexpress	 ﾠsustained	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠneurog1.	 ﾠ	 ﾠNeurog1	 ﾠdrives	 ﾠtranscription	 ﾠ
of	 ﾠother	 ﾠproneural	 ﾠgenes,	 ﾠsuch	 ﾠas	 ﾠneurod4	 ﾠ(Seo	 ﾠet	 ﾠal.,	 ﾠ2007),	 ﾠtherefore	 ﾠbeginning	 ﾠthe	 ﾠ
neurogenic	 ﾠcascade,	 ﾠand	 ﾠalso	 ﾠactivates	 ﾠexpression	 ﾠof	 ﾠbtbd6a.	 ﾠ	 ﾠThe	 ﾠprevious	 ﾠmodel	 ﾠ
suggested	 ﾠthat	 ﾠthis	 ﾠwould	 ﾠlead	 ﾠto	 ﾠdegradation	 ﾠof	 ﾠPlzfa	 ﾠin	 ﾠthese	 ﾠcells	 ﾠand	 ﾠallow	 ﾠ
neurogenesis	 ﾠto	 ﾠcontinue	 ﾠ(Sobieszczuk	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠBased	 ﾠupon	 ﾠthe	 ﾠexpression	 ﾠ
patterns	 ﾠI	 ﾠobserve,	 ﾠI	 ﾠpropose	 ﾠa	 ﾠdifferent	 ﾠmodel	 ﾠwhere	 ﾠNeurog1	 ﾠalso	 ﾠleads	 ﾠto	 ﾠ
increased	 ﾠexpression	 ﾠof	 ﾠplzfa	 ﾠtranscript	 ﾠin	 ﾠthese	 ﾠcells.	 ﾠ	 ﾠThe	 ﾠsimultaneous	 ﾠactivation	 ﾠof	 ﾠ
btbd6a	 ﾠexpression	 ﾠensures	 ﾠsustained	 ﾠlevels	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠin	 ﾠthese	 ﾠcells	 ﾠwhich	 ﾠ
restrain	 ﾠboth	 ﾠneurog1	 ﾠand	 ﾠneurod4	 ﾠtranscription,	 ﾠalthough	 ﾠits	 ﾠaction	 ﾠon	 ﾠneurog1	 ﾠis	 ﾠ
insufficient	 ﾠto	 ﾠprevent	 ﾠits	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠtranscription.	 ﾠ	 ﾠThe	 ﾠability	 ﾠof	 ﾠPlzfa	 ﾠto	 ﾠkeep	 ﾠ
levels	 ﾠof	 ﾠneurod4	 ﾠlow	 ﾠcould	 ﾠaccount	 ﾠfor	 ﾠwhy	 ﾠI	 ﾠonly	 ﾠobserve	 ﾠminimal	 ﾠoverlap	 ﾠbetween	 ﾠ
neurog1	 ﾠand	 ﾠneurod4	 ﾠin	 ﾠcells	 ﾠundergoing	 ﾠneurogenesis.	 ﾠ	 ﾠThis	 ﾠis	 ﾠdescribed	 ﾠ
diagrammatically	 ﾠin	 ﾠFigure	 ﾠ7-ﾭ‐1b.	 ﾠ
Late	 ﾠdifferentiating	 ﾠcells	 ﾠexpress	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠneurod4,	 ﾠand	 ﾠlow	 ﾠlevels	 ﾠof	 ﾠ
neurog1	 ﾠand	 ﾠplzfa.	 ﾠ	 ﾠGenes	 ﾠdownstream	 ﾠof	 ﾠthe	 ﾠNeurogenins	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠ
indirectly	 ﾠinhibit	 ﾠexpression	 ﾠof	 ﾠneurogenin	 ﾠ(Liu	 ﾠand	 ﾠHarland,	 ﾠ2005)	 ﾠand	 ﾠtherefore	 ﾠit	 ﾠis	 ﾠ
likely	 ﾠthat	 ﾠNeuroD4	 ﾠis	 ﾠable	 ﾠto	 ﾠcarry	 ﾠout	 ﾠa	 ﾠsimilar	 ﾠrole.	 ﾠ	 ﾠPlzfa’s	 ﾠability	 ﾠto	 ﾠinhibit	 ﾠthe	 ﾠ
proneural	 ﾠgenes	 ﾠis	 ﾠattenuated	 ﾠby	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠBtbd6a	 ﾠacting	 ﾠto	 ﾠremove	 ﾠPlzfa	 ﾠ
from	 ﾠthe	 ﾠcells	 ﾠand	 ﾠthus	 ﾠallow	 ﾠneurod4	 ﾠexpression.	 ﾠ	 ﾠThe	 ﾠabsence	 ﾠof	 ﾠplzfa	 ﾠtranscription	 ﾠ
in	 ﾠthese	 ﾠcells	 ﾠcould	 ﾠbe	 ﾠexplained	 ﾠby	 ﾠinhibition	 ﾠcaused	 ﾠby	 ﾠNeuroD4,	 ﾠalong	 ﾠwith,	 ﾠor	 ﾠ
separate	 ﾠto,	 ﾠa	 ﾠloss	 ﾠof	 ﾠupstream	 ﾠactivators	 ﾠof	 ﾠplzfa	 ﾠexpression.	 ﾠ	 ﾠThis	 ﾠallows	 ﾠthe	 ﾠ
neurogenic	 ﾠcascade	 ﾠto	 ﾠcontinue	 ﾠand	 ﾠtherefore	 ﾠneuronal	 ﾠdifferentiation,	 ﾠshown	 ﾠin	 ﾠ
Figure	 ﾠ7-ﾭ‐1c.	 ﾠChapter	 ﾠ7:	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Figure	 ﾠ7-ﾭ‐1:	 ﾠModel	 ﾠof	 ﾠPlzfa	 ﾠaction	 ﾠ
Hypothesis	 ﾠof	 ﾠthe	 ﾠrole	 ﾠof	 ﾠPlzfa	 ﾠat	 ﾠmultiple	 ﾠsteps	 ﾠof	 ﾠthe	 ﾠneurogenic	 ﾠcascade.	 ﾠ
a:	 ﾠNeural	 ﾠprogenitors	 ﾠcontain	 ﾠlow	 ﾠor	 ﾠoscillating	 ﾠNeuog1.	 ﾠ	 ﾠThis	 ﾠis	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠvarious	 ﾠ
inputs	 ﾠto	 ﾠproneural	 ﾠgene	 ﾠexpression	 ﾠdescribed	 ﾠwithin	 ﾠChapter	 ﾠ1	 ﾠand	 ﾠsimplified	 ﾠhere	 ﾠ
to	 ﾠ‘x’.	 ﾠ	 ﾠplzfa	 ﾠtranscripts	 ﾠand	 ﾠprotein	 ﾠare	 ﾠfound	 ﾠin	 ﾠthese	 ﾠcells,	 ﾠdriven	 ﾠby	 ﾠunknown	 ﾠ‘?’	 ﾠ
factor(s),	 ﾠand	 ﾠfunction	 ﾠto	 ﾠkeep	 ﾠneurog1	 ﾠlevels	 ﾠlow.	 ﾠ
b:	 ﾠCells	 ﾠbeginning	 ﾠto	 ﾠdifferentiate	 ﾠcontain	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠNeurog1.	 ﾠ	 ﾠThis	 ﾠdrives	 ﾠ
expression	 ﾠof	 ﾠbtbd6a,	 ﾠwhich	 ﾠleads	 ﾠto	 ﾠattenuation	 ﾠof	 ﾠPlzfa	 ﾠprotein	 ﾠexpression	 ﾠand	 ﾠ
activity.	 ﾠ	 ﾠHigh	 ﾠlevels	 ﾠof	 ﾠNeurog1	 ﾠalso	 ﾠincrease	 ﾠtranscription	 ﾠof	 ﾠplzfa,	 ﾠaccounting	 ﾠfor	 ﾠ
the	 ﾠhigher	 ﾠlevels	 ﾠof	 ﾠtranscript	 ﾠin	 ﾠthose	 ﾠcells.	 ﾠ	 ﾠThis	 ﾠensures	 ﾠthat	 ﾠsome	 ﾠPlzfa	 ﾠprotein	 ﾠ
remains	 ﾠand	 ﾠthis	 ﾠfunctions	 ﾠto	 ﾠinhibit	 ﾠexpression	 ﾠof	 ﾠboth	 ﾠneurog1	 ﾠand	 ﾠneurod4.	 ﾠ	 ﾠ
Neurog1	 ﾠis	 ﾠknown	 ﾠto	 ﾠdrive	 ﾠtranscription	 ﾠof	 ﾠneurod4,	 ﾠbut	 ﾠPlzfa	 ﾠinhibits	 ﾠits	 ﾠexpression	 ﾠ
and	 ﾠtherefore	 ﾠkeeps	 ﾠthe	 ﾠlevels	 ﾠlow	 ﾠin	 ﾠthese	 ﾠearly	 ﾠdifferentiating	 ﾠcells.	 ﾠ
c:	 ﾠ	 ﾠIn	 ﾠlate	 ﾠdifferentiating	 ﾠcells	 ﾠNeuroD4	 ﾠis	 ﾠexpressed	 ﾠat	 ﾠhigh	 ﾠlevels.	 ﾠ	 ﾠThe	 ﾠabsence	 ﾠof	 ﾠ
plzfa	 ﾠtranscription	 ﾠin	 ﾠthese	 ﾠcells	 ﾠsuggests	 ﾠthat	 ﾠNeuroD4	 ﾠis	 ﾠable	 ﾠto	 ﾠlead	 ﾠto	 ﾠthe	 ﾠ
inhibition	 ﾠof	 ﾠplzfa	 ﾠexpression.	 ﾠ	 ﾠPublished	 ﾠevidence	 ﾠthat	 ﾠNeuroD4	 ﾠis	 ﾠable	 ﾠto	 ﾠdrive	 ﾠ
expression	 ﾠof	 ﾠbtbd6a	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠadaptor	 ﾠprotein	 ﾠis	 ﾠable	 ﾠto	 ﾠremove	 ﾠPlzfa	 ﾠ
protein	 ﾠfrom	 ﾠthese	 ﾠcells,	 ﾠensuring	 ﾠthat	 ﾠthere	 ﾠis	 ﾠno	 ﾠprotein	 ﾠleft	 ﾠ(indicated	 ﾠby	 ﾠdashed	 ﾠ
lines)	 ﾠto	 ﾠinhibit	 ﾠproneural	 ﾠgene	 ﾠexpression.	 ﾠ	 ﾠThere	 ﾠis	 ﾠalso	 ﾠpublished	 ﾠevidence	 ﾠthat	 ﾠ
NeuroD4	 ﾠis	 ﾠable	 ﾠto	 ﾠindirectly	 ﾠinhibit	 ﾠneurog1	 ﾠexpression,	 ﾠhelping	 ﾠexplain	 ﾠwhy	 ﾠcells	 ﾠ
containing	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠneurod4	 ﾠcontain	 ﾠlow	 ﾠor	 ﾠno	 ﾠneurog1	 ﾠexpression.	 ﾠ
	 ﾠ
The	 ﾠarrows	 ﾠindicate	 ﾠproposed	 ﾠregulatory	 ﾠrelationships,	 ﾠwhich	 ﾠmay	 ﾠbe	 ﾠdirect	 ﾠor	 ﾠ
indirect.	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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I	 ﾠhave	 ﾠpresented	 ﾠthis	 ﾠmodel	 ﾠin	 ﾠorder	 ﾠto	 ﾠexplain	 ﾠthe	 ﾠexpression	 ﾠpatterns	 ﾠthat	 ﾠI	 ﾠ
observe	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠhindbrain,	 ﾠtaking	 ﾠinto	 ﾠaccount	 ﾠthe	 ﾠneurogenic	 ﾠfunction	 ﾠof	 ﾠ
Plzfa	 ﾠrevealed	 ﾠby	 ﾠoverexpression	 ﾠexperiments	 ﾠin	 ﾠthis	 ﾠwork	 ﾠand	 ﾠfrom	 ﾠSobieszczuk	 ﾠet	 ﾠ
al.	 ﾠ(2010).	 ﾠ	 ﾠThis	 ﾠmodel	 ﾠpredicts	 ﾠthat	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠPlzfa	 ﾠis	 ﾠto	 ﾠensure	 ﾠcells	 ﾠundergo	 ﾠ
the	 ﾠcomplete	 ﾠneurogenic	 ﾠcascade	 ﾠand	 ﾠdo	 ﾠnot	 ﾠprematurely	 ﾠupregulate	 ﾠlate	 ﾠmarkers	 ﾠ
of	 ﾠneurogenesis.	 ﾠ	 ﾠFurther	 ﾠfunctional	 ﾠanalysis	 ﾠis	 ﾠrequired	 ﾠto	 ﾠdetermine	 ﾠif	 ﾠthe	 ﾠ
hypothesised	 ﾠprocesses	 ﾠare	 ﾠhappening	 ﾠduring	 ﾠzebrafish	 ﾠneurogenesis.	 ﾠ	 ﾠOne	 ﾠ
prediction	 ﾠfrom	 ﾠthis	 ﾠmodel	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠdirectly	 ﾠtested	 ﾠis	 ﾠthat	 ﾠremoving	 ﾠPlzfa	 ﾠfunction	 ﾠ
should	 ﾠresult	 ﾠin	 ﾠa	 ﾠneurod4	 ﾠbeing	 ﾠexpressed	 ﾠprematurely.	 ﾠ	 ﾠThis	 ﾠmay	 ﾠresult	 ﾠin	 ﾠ
increased	 ﾠoverlap	 ﾠof	 ﾠexpression	 ﾠbetween	 ﾠneurog1	 ﾠand	 ﾠneurod4	 ﾠin	 ﾠthe	 ﾠdifferentiating	 ﾠ
cells.	 ﾠ
It	 ﾠshould	 ﾠalso	 ﾠbe	 ﾠnoted	 ﾠthat	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠmy	 ﾠexpression	 ﾠanalysis	 ﾠwas	 ﾠ
carried	 ﾠout	 ﾠat	 ﾠ44	 ﾠhpf,	 ﾠwhereas	 ﾠthe	 ﾠwork	 ﾠby	 ﾠSobieszczuk	 ﾠet	 ﾠal.	 ﾠ(2010)	 ﾠfocused	 ﾠon	 ﾠthe	 ﾠ
12	 ﾠhpf	 ﾠneuroepithelium.	 ﾠ	 ﾠIt	 ﾠis	 ﾠtherefore	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠexpression	 ﾠof	 ﾠ
plzfa	 ﾠRNA	 ﾠand	 ﾠprotein	 ﾠthat	 ﾠI	 ﾠobserve	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠpublished	 ﾠwork	 ﾠcould	 ﾠbe	 ﾠ
accounted	 ﾠfor	 ﾠby	 ﾠdifferences	 ﾠin	 ﾠmechanisms	 ﾠunderlying	 ﾠneurogenesis	 ﾠat	 ﾠthese	 ﾠ
different	 ﾠstages.	 ﾠ
Genome	 ﾠmodification	 ﾠtechnology	 ﾠ
In	 ﾠChapter	 ﾠ5	 ﾠI	 ﾠshow	 ﾠthat	 ﾠTALEN	 ﾠtechnology	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠgenerate	 ﾠloss-ﾭ‐of-ﾭ‐
function	 ﾠmutations	 ﾠin	 ﾠtarget	 ﾠgenes.	 ﾠ	 ﾠI	 ﾠshow	 ﾠthat	 ﾠthese	 ﾠTALENs	 ﾠcan	 ﾠbe	 ﾠhighly	 ﾠefficient	 ﾠ
at	 ﾠinducing	 ﾠmutations	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠtarget	 ﾠsite	 ﾠand	 ﾠscreening	 ﾠfor	 ﾠthese	 ﾠmutations	 ﾠ
can	 ﾠbe	 ﾠdone	 ﾠby	 ﾠa	 ﾠnumber	 ﾠof	 ﾠmethods,	 ﾠincluding	 ﾠHRM	 ﾠanalysis.	 ﾠ	 ﾠUntil	 ﾠrecently,	 ﾠ
morpholino-ﾭ‐mediated	 ﾠgene	 ﾠknockdown	 ﾠtechnology	 ﾠconstituted	 ﾠthe	 ﾠmain	 ﾠmethod	 ﾠby	 ﾠ
which	 ﾠzebrafish	 ﾠresearchers	 ﾠcould	 ﾠmanipulate	 ﾠendogenous	 ﾠgene	 ﾠfunction.	 ﾠ	 ﾠAs	 ﾠ
discussed,	 ﾠthe	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠcaused	 ﾠby	 ﾠmany	 ﾠmorpholinos	 ﾠrequire	 ﾠthat	 ﾠ
phenotypes	 ﾠrelated	 ﾠto	 ﾠgene	 ﾠknockdown	 ﾠto	 ﾠbe	 ﾠconfirmed	 ﾠby	 ﾠother	 ﾠmethods,	 ﾠideally	 ﾠ
by	 ﾠfunctional	 ﾠanalysis	 ﾠof	 ﾠembryos	 ﾠcontaining	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠsame	 ﾠgene.	 ﾠ
I	 ﾠtherefore	 ﾠanticipate	 ﾠthat	 ﾠwidespread	 ﾠuse	 ﾠof	 ﾠTALENs,	 ﾠalong	 ﾠwith	 ﾠthe	 ﾠmore	 ﾠ
recently	 ﾠdeveloped	 ﾠCRISPR/Cas9	 ﾠtechnology,	 ﾠwill	 ﾠsignificantly	 ﾠimprove	 ﾠour	 ﾠability	 ﾠto	 ﾠ
understand	 ﾠgene	 ﾠfunction	 ﾠin	 ﾠzebrafish.	 ﾠ	 ﾠAlong	 ﾠwith	 ﾠthis	 ﾠwork,	 ﾠpublished	 ﾠwork	 ﾠ(Law	 ﾠ
and	 ﾠSargent,	 ﾠ2014)	 ﾠand	 ﾠunpublished	 ﾠobservations	 ﾠfrom	 ﾠthe	 ﾠ11
th	 ﾠInternational	 ﾠChapter	 ﾠ7:	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Conference	 ﾠon	 ﾠZebrafish	 ﾠDevelopment	 ﾠand	 ﾠGenetics	 ﾠ(Madison,	 ﾠUSA),	 ﾠresearchers	 ﾠ
have	 ﾠdemonstrated	 ﾠthat	 ﾠsome	 ﾠmutants	 ﾠare	 ﾠunable	 ﾠto	 ﾠphenocopy	 ﾠmorphants	 ﾠfor	 ﾠthe	 ﾠ
same	 ﾠgene.	 ﾠ	 ﾠIn	 ﾠsome	 ﾠcases	 ﾠthis	 ﾠis	 ﾠlikely	 ﾠto	 ﾠreflect	 ﾠoff-ﾭ‐target	 ﾠeffects	 ﾠrelated	 ﾠto	 ﾠ
morpholino	 ﾠusage,	 ﾠhowever	 ﾠcare	 ﾠmust	 ﾠalso	 ﾠbe	 ﾠtaken	 ﾠto	 ﾠensure	 ﾠmutants	 ﾠare	 ﾠtruly	 ﾠ
abolishing	 ﾠprotein	 ﾠfunction.	 ﾠ	 ﾠThe	 ﾠrandom	 ﾠnature	 ﾠof	 ﾠindel	 ﾠformation	 ﾠmeans	 ﾠthat	 ﾠsome	 ﾠ
mutant	 ﾠalleles	 ﾠwon’t	 ﾠlead	 ﾠto	 ﾠframe	 ﾠshifts	 ﾠthat	 ﾠdisrupt	 ﾠprotein	 ﾠfunction.	 ﾠ	 ﾠRecent	 ﾠwork	 ﾠ
has	 ﾠshown	 ﾠthat	 ﾠby	 ﾠinjecting	 ﾠa	 ﾠstop	 ﾠcodon	 ﾠcassette	 ﾠfor	 ﾠinsertion	 ﾠby	 ﾠhomology-ﾭ‐
dependent	 ﾠrepair	 ﾠensures	 ﾠopen	 ﾠreading	 ﾠframe	 ﾠtruncation	 ﾠ(Gagnon	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠAs	 ﾠ
discussed,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠdouble	 ﾠCRISPR	 ﾠto	 ﾠremove	 ﾠlarge	 ﾠregions	 ﾠof	 ﾠgDNA	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠ
eliminate	 ﾠentire	 ﾠexons	 ﾠand	 ﾠensure	 ﾠprotein	 ﾠfunction	 ﾠis	 ﾠlost.	 ﾠ
I	 ﾠdevised	 ﾠa	 ﾠsimple	 ﾠtechnique	 ﾠfor	 ﾠthe	 ﾠinsertion	 ﾠof	 ﾠexogenous	 ﾠDNA	 ﾠinto	 ﾠ
targeted	 ﾠlocations	 ﾠof	 ﾠthe	 ﾠzebrafish	 ﾠgenome	 ﾠaided	 ﾠby	 ﾠthe	 ﾠuse	 ﾠof	 ﾠTALENs	 ﾠwithin	 ﾠ
Chapter	 ﾠ6.	 ﾠ	 ﾠThis	 ﾠmethod	 ﾠdoes	 ﾠnot	 ﾠrely	 ﾠon	 ﾠlong	 ﾠhomology	 ﾠarms	 ﾠand	 ﾠcan	 ﾠbe	 ﾠeasily	 ﾠ
adapted	 ﾠto	 ﾠwork	 ﾠwith	 ﾠa	 ﾠTALEN	 ﾠpair	 ﾠof	 ﾠone’s	 ﾠchoosing.	 ﾠ	 ﾠFurthermore,	 ﾠthe	 ﾠinsertion	 ﾠ
event	 ﾠappeared	 ﾠspecific	 ﾠto	 ﾠthe	 ﾠtargeted	 ﾠlocation.	 ﾠ	 ﾠThrough	 ﾠthe	 ﾠinsertion	 ﾠof	 ﾠeGFP	 ﾠand	 ﾠ
GAL4	 ﾠI	 ﾠshow	 ﾠthat	 ﾠI	 ﾠobtain	 ﾠa	 ﾠhigh	 ﾠfrequency	 ﾠof	 ﾠintegration	 ﾠinto	 ﾠthe	 ﾠplzfa	 ﾠlocus	 ﾠin	 ﾠ
injected	 ﾠembryos	 ﾠand	 ﾠby	 ﾠemploying	 ﾠvarious	 ﾠselection	 ﾠmethods	 ﾠI	 ﾠobtain	 ﾠa	 ﾠgermline	 ﾠ
transmission	 ﾠefficiency	 ﾠof	 ﾠaround	 ﾠ25%.	 ﾠ	 ﾠThe	 ﾠexpression	 ﾠpattern	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠ
transgenic	 ﾠembryos	 ﾠappeared	 ﾠto	 ﾠmatch	 ﾠbroadly	 ﾠwith	 ﾠthe	 ﾠexpected	 ﾠplzfa	 ﾠpattern.	 ﾠ
This	 ﾠmethod	 ﾠis,	 ﾠhowever,	 ﾠnot	 ﾠwithout	 ﾠits	 ﾠdrawbacks.	 ﾠ	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠ
ligation	 ﾠevent	 ﾠwas	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠinsertion	 ﾠand	 ﾠdeletion	 ﾠof	 ﾠnucleotides.	 ﾠ	 ﾠDue	 ﾠto	 ﾠ
the	 ﾠway	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠinsertion	 ﾠtechnique	 ﾠwas	 ﾠdesigned,	 ﾠthis	 ﾠfrequently	 ﾠresults	 ﾠthe	 ﾠ
cassette	 ﾠbeing	 ﾠinserted	 ﾠout-ﾭ‐of-ﾭ‐frame	 ﾠwith	 ﾠthe	 ﾠtargeted	 ﾠprotein,	 ﾠtherefore	 ﾠpreventing	 ﾠ
the	 ﾠcassette	 ﾠbeing	 ﾠcorrectly	 ﾠtranslated.	 ﾠ	 ﾠThis	 ﾠimprecision	 ﾠhas	 ﾠalso	 ﾠbeen	 ﾠreported	 ﾠ
when	 ﾠusing	 ﾠsimilar	 ﾠtechniques	 ﾠin	 ﾠcertain	 ﾠcultured	 ﾠcells	 ﾠ(Maresca	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠand	 ﾠin	 ﾠ
zebrafish	 ﾠ(Auer	 ﾠet	 ﾠal.,	 ﾠ2014).	 ﾠ	 ﾠFurthermore,	 ﾠsimilar	 ﾠimprecision	 ﾠhas	 ﾠbeen	 ﾠassociated	 ﾠ
with	 ﾠinsertions	 ﾠthrough	 ﾠinjection	 ﾠof	 ﾠDNA	 ﾠcontaining	 ﾠshort	 ﾠhomology	 ﾠarms	 ﾠinto	 ﾠ
zebrafish	 ﾠ(Bedell	 ﾠet	 ﾠal.,	 ﾠ2012,	 ﾠHwang	 ﾠet	 ﾠal.,	 ﾠ2013a),	 ﾠbut	 ﾠnot	 ﾠwhen	 ﾠinjecting	 ﾠinto	 ﾠ
mouse	 ﾠembryos	 ﾠ(Yang	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ	 ﾠA	 ﾠpicture	 ﾠis	 ﾠtherefore	 ﾠemerging	 ﾠthat	 ﾠspecies-ﾭ‐
specific	 ﾠeffects	 ﾠinfluence	 ﾠthe	 ﾠprecision	 ﾠof	 ﾠthe	 ﾠinsertion	 ﾠevents,	 ﾠalthough	 ﾠfurther	 ﾠ
analysis	 ﾠis	 ﾠrequired.	 ﾠ	 ﾠAs	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ6,	 ﾠthe	 ﾠtechnique	 ﾠcan	 ﾠbe	 ﾠadapted	 ﾠsuch	 ﾠ
that	 ﾠthe	 ﾠimprecision	 ﾠdoes	 ﾠnot	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠtranslation	 ﾠof	 ﾠthe	 ﾠcassette.	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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This	 ﾠmethod	 ﾠadds	 ﾠto	 ﾠour	 ﾠgrowing	 ﾠrepertoire	 ﾠof	 ﾠtechniques	 ﾠto	 ﾠspecifically	 ﾠ
manipulate	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ	 ﾠ	 ﾠThe	 ﾠtechnique’s	 ﾠmain	 ﾠadvantages	 ﾠover	 ﾠthe	 ﾠ
previously	 ﾠpublished	 ﾠhomology	 ﾠdependent	 ﾠinsertion	 ﾠtechniques	 ﾠthat	 ﾠmake	 ﾠuse	 ﾠof	 ﾠ
TALENs	 ﾠare	 ﾠthe	 ﾠimproved	 ﾠgermline	 ﾠtransmission,	 ﾠthe	 ﾠability	 ﾠto	 ﾠinsert	 ﾠvery	 ﾠlarge	 ﾠ
cassettes	 ﾠand	 ﾠthe	 ﾠsimplicity	 ﾠof	 ﾠinserting	 ﾠdifferent	 ﾠTALEN	 ﾠbinding	 ﾠsites	 ﾠand	 ﾠcassettes	 ﾠ
into	 ﾠthe	 ﾠplasmid.	 ﾠ	 ﾠFigure	 ﾠ7-ﾭ‐2	 ﾠoutlines	 ﾠthe	 ﾠmain	 ﾠfeatures	 ﾠof	 ﾠthe	 ﾠmethods	 ﾠavailable	 ﾠfor	 ﾠ
insertions	 ﾠusing	 ﾠTALENs	 ﾠat	 ﾠthe	 ﾠtime	 ﾠof	 ﾠwriting.	 ﾠ
In	 ﾠthis	 ﾠwork,	 ﾠI	 ﾠhave	 ﾠdemonstrated	 ﾠthe	 ﾠapplication	 ﾠof	 ﾠthe	 ﾠtechnique	 ﾠto	 ﾠmake	 ﾠ
use	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠtranscriptional	 ﾠmachinery	 ﾠto	 ﾠdrive	 ﾠfluorescent	 ﾠproteins	 ﾠand	 ﾠthe	 ﾠ
transcriptional	 ﾠactivator	 ﾠGAL4.	 ﾠ	 ﾠThis	 ﾠprovides	 ﾠus	 ﾠwith	 ﾠthe	 ﾠability	 ﾠto	 ﾠmonitor	 ﾠgene	 ﾠ
expression	 ﾠin	 ﾠliving	 ﾠembryos	 ﾠand	 ﾠto	 ﾠdrive	 ﾠexpression	 ﾠof	 ﾠtransgenes	 ﾠin	 ﾠa	 ﾠspatially	 ﾠ
restricted	 ﾠmanner.	 ﾠ	 ﾠCommandeering	 ﾠthe	 ﾠendogenous	 ﾠpromoter	 ﾠand	 ﾠenhancers	 ﾠto	 ﾠ
drive	 ﾠtransgenes	 ﾠhas	 ﾠvarious	 ﾠadvantages	 ﾠfor	 ﾠfunctional	 ﾠanalysis	 ﾠcompared	 ﾠto	 ﾠ
techniques	 ﾠsuch	 ﾠas	 ﾠRNA	 ﾠinjection,	 ﾠwhich	 ﾠresults	 ﾠin	 ﾠtransient	 ﾠoverexpression	 ﾠof	 ﾠthe	 ﾠ
construct	 ﾠthroughout	 ﾠthe	 ﾠembryo.	 ﾠ	 ﾠThis	 ﾠtechnique	 ﾠcould	 ﾠtherefore	 ﾠbe	 ﾠused	 ﾠto	 ﾠ
express	 ﾠan	 ﾠepitope	 ﾠtagged	 ﾠform	 ﾠof	 ﾠPlzf,	 ﾠfor	 ﾠexample	 ﾠfor	 ﾠChIP-ﾭ‐Seq	 ﾠanalysis,	 ﾠor	 ﾠto	 ﾠdrive	 ﾠ
expression	 ﾠof	 ﾠdominant	 ﾠnegative	 ﾠversions	 ﾠof	 ﾠthe	 ﾠtranscription	 ﾠfactor,	 ﾠsuch	 ﾠas	 ﾠthose	 ﾠ
used	 ﾠfor	 ﾠdissecting	 ﾠPlzf	 ﾠfunction	 ﾠin	 ﾠthe	 ﾠspinal	 ﾠcord	 ﾠ(Gaber	 ﾠet	 ﾠal.,	 ﾠ2013).	 ﾠ
Spatial	 ﾠcontrol	 ﾠover	 ﾠtransgene	 ﾠexpression	 ﾠcould	 ﾠalso	 ﾠbe	 ﾠcombined	 ﾠwith	 ﾠ
temporal	 ﾠcontrol.	 ﾠ	 ﾠTechniques	 ﾠsuch	 ﾠas	 ﾠheat	 ﾠshock	 ﾠ(Esengil	 ﾠand	 ﾠChen,	 ﾠ2008)	 ﾠor	 ﾠdrug-ﾭ‐
inducible	 ﾠGAL4	 ﾠexpression	 ﾠ(Gerety	 ﾠet	 ﾠal.,	 ﾠ2013)	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠspecifically	 ﾠswitch	 ﾠon	 ﾠ
expression	 ﾠat	 ﾠthe	 ﾠdesired	 ﾠpoint	 ﾠin	 ﾠtime.	 ﾠ	 ﾠThese	 ﾠmethods	 ﾠcould	 ﾠbe	 ﾠused	 ﾠto	 ﾠscrutinise	 ﾠ
Plzf	 ﾠfunction	 ﾠat	 ﾠlater	 ﾠstages	 ﾠin	 ﾠneurogenesis,	 ﾠsuch	 ﾠas	 ﾠin	 ﾠdifferentiating	 ﾠcells	 ﾠmigrating	 ﾠ
down	 ﾠthe	 ﾠglial	 ﾠfibres,	 ﾠwithout	 ﾠaffecting	 ﾠprimary	 ﾠneurogenesis.	 ﾠ
For	 ﾠmany	 ﾠyears,	 ﾠthe	 ﾠability	 ﾠto	 ﾠspecifically	 ﾠadd	 ﾠrecombinase	 ﾠsites	 ﾠat	 ﾠtargeted	 ﾠ
locations	 ﾠin	 ﾠthe	 ﾠmouse	 ﾠgenome	 ﾠhas	 ﾠmeant	 ﾠthat	 ﾠresearchers	 ﾠhave	 ﾠbeen	 ﾠable	 ﾠto	 ﾠ
temporally	 ﾠand	 ﾠspatially	 ﾠswitch	 ﾠoff	 ﾠgene	 ﾠfunction	 ﾠ(Metzger	 ﾠand	 ﾠChambon,	 ﾠ2001).	 ﾠ	 ﾠ
Gene	 ﾠtargeting	 ﾠtechnology	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠbrings	 ﾠus	 ﾠinto	 ﾠan	 ﾠera	 ﾠwhere	 ﾠgenerating	 ﾠ
conditional	 ﾠknockouts	 ﾠis	 ﾠpossible.	 ﾠ	 ﾠThis	 ﾠwill	 ﾠallow	 ﾠus	 ﾠto	 ﾠanalyse	 ﾠgene	 ﾠfunction	 ﾠin	 ﾠcases	 ﾠ
where	 ﾠloss	 ﾠof	 ﾠthe	 ﾠprotein	 ﾠis	 ﾠlethal	 ﾠto	 ﾠthe	 ﾠembryo	 ﾠduring	 ﾠearly	 ﾠdevelopment	 ﾠand	 ﾠ
define	 ﾠfunctions	 ﾠfor	 ﾠgenes	 ﾠin	 ﾠspecific	 ﾠtissues	 ﾠwithout	 ﾠaffecting	 ﾠthe	 ﾠresult	 ﾠof	 ﾠthe	 ﾠ
organism.	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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Figure	 ﾠ7-ﾭ‐2:	 ﾠComparison	 ﾠof	 ﾠTALEN-ﾭ‐mediated	 ﾠinsertion	 ﾠmethods	 ﾠin	 ﾠzebrafish	 ﾠ
Figures	 ﾠdepicting	 ﾠthe	 ﾠ3	 ﾠreported	 ﾠmethods	 ﾠfor	 ﾠtargeted	 ﾠinsertions	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠ
genome	 ﾠusing	 ﾠTALENs.	 ﾠ
a:	 ﾠHomologous	 ﾠrecombination	 ﾠhas	 ﾠbeen	 ﾠdemonstrated	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠby	 ﾠZu	 ﾠet	 ﾠal.	 ﾠ
(2013).	 ﾠ	 ﾠUsing	 ﾠhomology	 ﾠarms	 ﾠof	 ﾠaround	 ﾠ1	 ﾠkb	 ﾠeach	 ﾠthey	 ﾠinsert	 ﾠan	 ﾠeGFP	 ﾠcassette	 ﾠjust	 ﾠ
under	 ﾠ1	 ﾠkb	 ﾠinto	 ﾠa	 ﾠspecific	 ﾠloci	 ﾠin	 ﾠthe	 ﾠzebrafish	 ﾠgenome.	 ﾠ	 ﾠThey	 ﾠfind	 ﾠthat	 ﾠ4/275	 ﾠ(1.5%)	 ﾠ
injected	 ﾠfish	 ﾠtransmit	 ﾠthe	 ﾠinsertion	 ﾠand	 ﾠall	 ﾠof	 ﾠthem	 ﾠdo	 ﾠso	 ﾠprecisely.	 ﾠ
b:	 ﾠHomology	 ﾠdirected	 ﾠrepair	 ﾠwas	 ﾠshown	 ﾠby	 ﾠBedell	 ﾠet	 ﾠal.	 ﾠ(2012).	 ﾠ	 ﾠThey	 ﾠare	 ﾠable	 ﾠto	 ﾠ
insert	 ﾠup	 ﾠto	 ﾠ50	 ﾠbp	 ﾠof	 ﾠDNA	 ﾠflanked	 ﾠby	 ﾠ20	 ﾠbp	 ﾠhomology	 ﾠarms	 ﾠby	 ﾠinjecting	 ﾠssDNA	 ﾠalong	 ﾠ
with	 ﾠthe	 ﾠTALENs.	 ﾠ	 ﾠThey	 ﾠobserve	 ﾠintegration	 ﾠassociated	 ﾠwith	 ﾠindels	 ﾠin	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠ
cases	 ﾠand	 ﾠfind	 ﾠthat	 ﾠ8/186	 ﾠ(4%)	 ﾠtransmit	 ﾠthe	 ﾠinsertion.	 ﾠ
c:	 ﾠThe	 ﾠhomology	 ﾠindependent	 ﾠinsertion	 ﾠthat	 ﾠI	 ﾠhave	 ﾠdescribed	 ﾠin	 ﾠthis	 ﾠthesis.	 ﾠ	 ﾠInstead	 ﾠ
of	 ﾠproviding	 ﾠhomology	 ﾠarms,	 ﾠI	 ﾠplace	 ﾠthe	 ﾠinverted	 ﾠTALEN	 ﾠtarget	 ﾠsequence	 ﾠupstream	 ﾠof	 ﾠ
the	 ﾠinsertion	 ﾠcassette.	 ﾠ	 ﾠI	 ﾠhave	 ﾠdemonstrated	 ﾠthe	 ﾠability	 ﾠto	 ﾠinsert	 ﾠup	 ﾠto	 ﾠ7	 ﾠkb	 ﾠplasmids	 ﾠ
using	 ﾠthis	 ﾠtechnique,	 ﾠhowever	 ﾠthe	 ﾠinsertion	 ﾠevent	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠindels.	 ﾠ	 ﾠFinally,	 ﾠI	 ﾠ
find	 ﾠthat	 ﾠ7/27	 ﾠ(26%)	 ﾠof	 ﾠinjected	 ﾠembryos	 ﾠselected	 ﾠfor	 ﾠthe	 ﾠinsertion	 ﾠtransmit	 ﾠto	 ﾠtheir	 ﾠ
progeny.	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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Final	 ﾠcomments	 ﾠ
An	 ﾠimportant	 ﾠmethod	 ﾠto	 ﾠunderstand	 ﾠprotein	 ﾠfunction	 ﾠis	 ﾠto	 ﾠinvestigate	 ﾠthe	 ﾠ
phenotype	 ﾠobserved	 ﾠupon	 ﾠdisruption	 ﾠof	 ﾠthe	 ﾠgene.	 ﾠ	 ﾠConventional	 ﾠforward	 ﾠgenetic	 ﾠ
approaches	 ﾠthat	 ﾠrely	 ﾠon	 ﾠrandom	 ﾠmutagenesis	 ﾠare	 ﾠwell	 ﾠestablished	 ﾠfor	 ﾠthe	 ﾠzebrafish	 ﾠ
and	 ﾠhave	 ﾠbeen	 ﾠused	 ﾠto	 ﾠgenerate	 ﾠnumerous	 ﾠmutant	 ﾠalleles.	 ﾠ	 ﾠA	 ﾠdownside	 ﾠof	 ﾠthis	 ﾠ
method	 ﾠis	 ﾠthat	 ﾠit	 ﾠis	 ﾠexpensive,	 ﾠtime-ﾭ‐	 ﾠand	 ﾠlabour-ﾭ‐intensive	 ﾠand	 ﾠdoesn’t	 ﾠallow	 ﾠthe	 ﾠ
targeting	 ﾠof	 ﾠspecific	 ﾠgenes.	 ﾠ	 ﾠTherefore	 ﾠthe	 ﾠadvent	 ﾠof	 ﾠMO	 ﾠtechnology	 ﾠto	 ﾠspecifically	 ﾠ
and	 ﾠrapidly	 ﾠknockdown	 ﾠgene	 ﾠfunction	 ﾠhas	 ﾠbeen	 ﾠwidely	 ﾠadopted	 ﾠfor	 ﾠanalysis	 ﾠin	 ﾠ
various	 ﾠorganisms,	 ﾠincluding	 ﾠzebrafish	 ﾠ(Summerton	 ﾠand	 ﾠWeller,	 ﾠ1997).	 ﾠ	 ﾠReports	 ﾠ
regarding	 ﾠthe	 ﾠoff-ﾭ‐target	 ﾠactivation	 ﾠof	 ﾠpro-ﾭ‐apoptotic	 ﾠgenes	 ﾠby	 ﾠMOs	 ﾠhave	 ﾠrevealed	 ﾠthe	 ﾠ
requirement	 ﾠfor	 ﾠcareful	 ﾠcontrols,	 ﾠincluding	 ﾠblocking	 ﾠTp53	 ﾠfunction,	 ﾠin	 ﾠorder	 ﾠto	 ﾠ
account	 ﾠfor	 ﾠartefacts	 ﾠassociated	 ﾠwith	 ﾠMO	 ﾠuse.	 ﾠ	 ﾠ	 ﾠ
As	 ﾠdemonstrated	 ﾠin	 ﾠthis	 ﾠwork,	 ﾠthe	 ﾠestablishment	 ﾠof	 ﾠgene	 ﾠtargeting	 ﾠmethods	 ﾠ
such	 ﾠas	 ﾠTALENs	 ﾠand	 ﾠCRISPR/Cas9	 ﾠresult	 ﾠin	 ﾠthe	 ﾠrapid	 ﾠgeneration	 ﾠof	 ﾠmutant	 ﾠalleles.	 ﾠ	 ﾠ
This	 ﾠmeans	 ﾠthat	 ﾠthat	 ﾠMO-ﾭ‐induced	 ﾠphenotypes	 ﾠare	 ﾠstarting	 ﾠto	 ﾠbe	 ﾠtested	 ﾠby	 ﾠgenerating	 ﾠ
these	 ﾠmutants.	 ﾠ	 ﾠThis	 ﾠwork	 ﾠshows	 ﾠthat	 ﾠthe	 ﾠphenotype	 ﾠobserved	 ﾠin	 ﾠembryos	 ﾠinjected	 ﾠ
with	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠMOs	 ﾠin	 ﾠa	 ﾠtp53	 ﾠmutant	 ﾠbackground	 ﾠis	 ﾠnot	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠ
double	 ﾠmutant	 ﾠzebrafish.	 ﾠ	 ﾠIn	 ﾠagreement	 ﾠwith	 ﾠrecently	 ﾠpublished	 ﾠwork	 ﾠ(Law	 ﾠand	 ﾠ
Sargent,	 ﾠ2014),	 ﾠthis	 ﾠsuggests	 ﾠthat	 ﾠMOs	 ﾠcan	 ﾠlead	 ﾠto	 ﾠspurious	 ﾠphenotypes	 ﾠirrespective	 ﾠ
of	 ﾠTp53	 ﾠfunction.	 ﾠ	 ﾠIt	 ﾠtherefore	 ﾠseems	 ﾠhighly	 ﾠlikely	 ﾠthat	 ﾠgene	 ﾠtargeting	 ﾠtechnology	 ﾠwill	 ﾠ
supplant	 ﾠMO	 ﾠusage	 ﾠfor	 ﾠanalysis	 ﾠof	 ﾠgene	 ﾠfunction.	 ﾠ	 ﾠThis	 ﾠstatement	 ﾠechoes	 ﾠa	 ﾠrecent	 ﾠ
opinion	 ﾠpaper	 ﾠthat	 ﾠsuggests	 ﾠfuture	 ﾠdescriptions	 ﾠof	 ﾠphenotypes	 ﾠbased	 ﾠsolely	 ﾠon	 ﾠMOs	 ﾠ
would	 ﾠbe	 ﾠjudged	 ﾠvery	 ﾠcritically	 ﾠwithout	 ﾠcomparison	 ﾠto	 ﾠa	 ﾠgenetic	 ﾠmutant	 ﾠ(Schulte-ﾭ‐
Merker	 ﾠand	 ﾠStainier,	 ﾠ2014).	 ﾠ
A	 ﾠlarge	 ﾠamount	 ﾠof	 ﾠresearch	 ﾠhas	 ﾠgone	 ﾠinto	 ﾠunderstanding	 ﾠthe	 ﾠtight	 ﾠcontrol	 ﾠ
regarding	 ﾠthe	 ﾠonset	 ﾠof	 ﾠneurogenesis,	 ﾠin	 ﾠparticular	 ﾠthe	 ﾠvarious	 ﾠinputs	 ﾠinto	 ﾠNotch-ﾭ‐
mediated	 ﾠlateral	 ﾠinhibition.	 ﾠ	 ﾠThe	 ﾠexpression	 ﾠof	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠNeurog1	 ﾠis	 ﾠknown	 ﾠto	 ﾠbe	 ﾠ
sufficient	 ﾠto	 ﾠinitiate	 ﾠa	 ﾠcascade	 ﾠof	 ﾠdownstream	 ﾠproneural	 ﾠgenes,	 ﾠyet	 ﾠwe	 ﾠare	 ﾠlacking	 ﾠ
knowledge	 ﾠregarding	 ﾠcontrol	 ﾠover	 ﾠthese	 ﾠsubsequent	 ﾠsteps	 ﾠof	 ﾠneuronal	 ﾠ
differentiation.	 ﾠ	 ﾠIn	 ﾠthis	 ﾠwork,	 ﾠI	 ﾠpresent	 ﾠevidence	 ﾠthat	 ﾠPlzfa	 ﾠis	 ﾠexpressed	 ﾠat	 ﾠmultiple	 ﾠ
steps	 ﾠduring	 ﾠneuronal	 ﾠdifferentiation	 ﾠand	 ﾠhypothesise	 ﾠthat	 ﾠit	 ﾠis	 ﾠimportant	 ﾠto	 ﾠensure	 ﾠChapter	 ﾠ7:	 ﾠDiscussion	 ﾠ
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the	 ﾠcorrect	 ﾠtiming	 ﾠof	 ﾠproneural	 ﾠgene	 ﾠexpression	 ﾠduring	 ﾠthe	 ﾠpathway	 ﾠto	 ﾠ
differentiation.	 ﾠ
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Figure	 ﾠ8-ﾭ‐1:	 ﾠNucleotide	 ﾠidentity	 ﾠbetween	 ﾠplzfa	 ﾠand	 ﾠplzfb	 ﾠ
a:	 ﾠPairwise	 ﾠsequence	 ﾠalignment	 ﾠof	 ﾠplzfa	 ﾠ(first	 ﾠline)	 ﾠand	 ﾠplzfb	 ﾠ(third	 ﾠline)	 ﾠcDNA,	 ﾠ
starting	 ﾠfrom	 ﾠthe	 ﾠstart	 ﾠcodon.	 ﾠIdentical	 ﾠ(|)	 ﾠnucleotides	 ﾠare	 ﾠmarked	 ﾠon	 ﾠthe	 ﾠsecond	 ﾠ
line.	 ﾠ	 ﾠThe	 ﾠalignment	 ﾠwas	 ﾠcarried	 ﾠout	 ﾠusing	 ﾠEMBOSS	 ﾠneedle	 ﾠ
(http://www.ebi.ac.uk/Tools/psa/emboss_needle)	 ﾠusing	 ﾠthe	 ﾠNeedleman-ﾭ‐Wunsch	 ﾠ
algorithm.	 ﾠ	 ﾠOverall	 ﾠidentity:	 ﾠ74.8%	 ﾠ(1564/2092)	 ﾠand	 ﾠgaps	 ﾠ9.0%	 ﾠ(188/2092).	 ﾠ	 ﾠRegions	 ﾠ
marked	 ﾠin	 ﾠblue	 ﾠcorrespond	 ﾠto	 ﾠthe	 ﾠforward	 ﾠand	 ﾠreverse	 ﾠprimers	 ﾠused	 ﾠto	 ﾠgenerate	 ﾠthe	 ﾠ
plzfa	 ﾠISH	 ﾠprobe	 ﾠand	 ﾠregions	 ﾠin	 ﾠred	 ﾠmark	 ﾠthe	 ﾠplzfb	 ﾠprobe.	 ﾠ	 ﾠIdentity	 ﾠbetween	 ﾠthe	 ﾠprobe	 ﾠ
regions	 ﾠdrops	 ﾠto	 ﾠ61.4%	 ﾠ(584/951).	 ﾠ	 ﾠ
b:	 ﾠComparison	 ﾠof	 ﾠthe	 ﾠsequence	 ﾠimmediately	 ﾠupstream	 ﾠof	 ﾠthe	 ﾠtranslation	 ﾠstart	 ﾠsites	 ﾠ
for	 ﾠplzfa	 ﾠand	 ﾠplzfb.	 ﾠ	 ﾠKozak	 ﾠconsensus	 ﾠsequences	 ﾠare	 ﾠhighlighted	 ﾠin	 ﾠgreen	 ﾠand	 ﾠthe	 ﾠ
start	 ﾠcodon	 ﾠis	 ﾠbolded.	 ﾠ	 ﾠThe	 ﾠsecond	 ﾠKozak	 ﾠsequence	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠplzfb	 ﾠUTR	 ﾠwould	 ﾠ
result	 ﾠin	 ﾠan	 ﾠout-ﾭ‐of-ﾭ‐frame	 ﾠprotein	 ﾠbeing	 ﾠproduced.	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Figure	 ﾠ8-ﾭ‐2:	 ﾠProtein	 ﾠsimilarity	 ﾠbetween	 ﾠPlzfa	 ﾠand	 ﾠPlzfb	 ﾠ
Alignment	 ﾠof	 ﾠthe	 ﾠPlzfa	 ﾠ(first	 ﾠline)	 ﾠand	 ﾠPlzfb	 ﾠproteins	 ﾠ(third	 ﾠline).	 ﾠ	 ﾠIdentical	 ﾠ(|)	 ﾠand	 ﾠ
similar	 ﾠ(:)	 ﾠamino	 ﾠacids	 ﾠare	 ﾠmarked	 ﾠon	 ﾠthe	 ﾠsecond	 ﾠline.	 ﾠ	 ﾠThe	 ﾠmost	 ﾠN-ﾭ‐terminal	 ﾠblue	 ﾠ
shaded	 ﾠregion	 ﾠindicates	 ﾠthe	 ﾠamino	 ﾠacids	 ﾠpresent	 ﾠin	 ﾠthe	 ﾠBTB	 ﾠdomain	 ﾠ(Ahmad	 ﾠet	 ﾠal.,	 ﾠ
1998)	 ﾠand	 ﾠthe	 ﾠsecond	 ﾠblue	 ﾠregion	 ﾠindicates	 ﾠthe	 ﾠRD2	 ﾠdomain	 ﾠlocated	 ﾠbetween	 ﾠamino	 ﾠ
acids	 ﾠ200-ﾭ‐300	 ﾠ(Li	 ﾠet	 ﾠal.,	 ﾠ1997).	 ﾠ	 ﾠThe	 ﾠregions	 ﾠshaded	 ﾠin	 ﾠred	 ﾠindicate	 ﾠeach	 ﾠof	 ﾠthe	 ﾠ9	 ﾠzinc	 ﾠ
fingers.	 ﾠ	 ﾠThe	 ﾠalignment	 ﾠwas	 ﾠdone	 ﾠusing	 ﾠEMBOSS	 ﾠneedle	 ﾠ
(http://www.ebi.ac.uk/Tools/psa/emboss_needle)	 ﾠusing	 ﾠthe	 ﾠNeedleman-ﾭ‐Wunsch	 ﾠ
algorithm.	 ﾠ	 ﾠThe	 ﾠC2H2	 ﾠZinc	 ﾠFinger	 ﾠmotifs	 ﾠwere	 ﾠdetermined	 ﾠusing	 ﾠSMART	 ﾠ
(http://smart.embl-ﾭ‐heidelberg.de/).	 ﾠ	 ﾠOverall	 ﾠidentity:	 ﾠ75.3%	 ﾠ(508/675),	 ﾠsimilarity:	 ﾠ
84.1%	 ﾠ(568/675)	 ﾠand	 ﾠgaps:	 ﾠ3.0%	 ﾠ(20/675).	 ﾠ
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Figure	 ﾠ8-ﾭ‐3:	 ﾠplzfa	 ﾠMO	 ﾠinduces	 ﾠa	 ﾠdevelopmental	 ﾠdelay	 ﾠ
The	 ﾠextent	 ﾠof	 ﾠdevelopmental	 ﾠdelay	 ﾠcaused	 ﾠby	 ﾠplzfa	 ﾠMO	 ﾠwas	 ﾠmonitored	 ﾠusing	 ﾠthe	 ﾠ
cldnb:lyngfp	 ﾠtransgenic	 ﾠline.	 ﾠ	 ﾠThe	 ﾠprimordium	 ﾠbegins	 ﾠmigrating	 ﾠat	 ﾠaround	 ﾠ20	 ﾠhpf	 ﾠand	 ﾠ
travels	 ﾠtowards	 ﾠto	 ﾠthe	 ﾠposterior	 ﾠof	 ﾠthe	 ﾠembryo,	 ﾠdepositing	 ﾠneuromasts	 ﾠon	 ﾠthe	 ﾠway	 ﾠ
(Ghysen	 ﾠand	 ﾠDambly-ﾭ‐Chaudière,	 ﾠ2007).	 ﾠ	 ﾠIn	 ﾠcontrol	 ﾠMO	 ﾠinjected	 ﾠembryos	 ﾠ(a),	 ﾠthe	 ﾠ
primordium	 ﾠhad	 ﾠmigrated	 ﾠto	 ﾠsomite	 ﾠ23	 ﾠat	 ﾠ36	 ﾠhpf	 ﾠ(b)	 ﾠ(8/8).	 ﾠ	 ﾠIn	 ﾠplzfa	 ﾠMO	 ﾠinjected	 ﾠ
embryos	 ﾠ(c),	 ﾠat	 ﾠthe	 ﾠsame	 ﾠtime	 ﾠpoint	 ﾠthe	 ﾠprimordium	 ﾠhad	 ﾠonly	 ﾠmigrated	 ﾠto	 ﾠsomite	 ﾠ21	 ﾠ
(d)	 ﾠ(6/8)	 ﾠ–	 ﾠindicating	 ﾠa	 ﾠdelay	 ﾠin	 ﾠdevelopment.	 ﾠ	 ﾠLeaving	 ﾠthe	 ﾠembryos	 ﾠto	 ﾠdevelop	 ﾠfor	 ﾠa	 ﾠ
further	 ﾠ4	 ﾠhours	 ﾠat	 ﾠ28.5°C	 ﾠ(e)	 ﾠallowed	 ﾠthe	 ﾠprimordium	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠmorphant	 ﾠembryos	 ﾠ
to	 ﾠreach	 ﾠsomite	 ﾠ23	 ﾠ(f).	 ﾠ	 ﾠNo	 ﾠdelay	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠplzfb	 ﾠMO	 ﾠ
(5/5).	 ﾠ	 ﾠplzfa	 ﾠwas	 ﾠnot	 ﾠobserved	 ﾠto	 ﾠbe	 ﾠexpressed	 ﾠin	 ﾠthe	 ﾠlateral	 ﾠline	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠ
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Figure	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Figure	 ﾠ8-ﾭ‐4:	 ﾠPhenotype	 ﾠis	 ﾠobserved	 ﾠin	 ﾠtime	 ﾠand	 ﾠstage	 ﾠmatched	 ﾠembryos	 ﾠ
a-ﾭ‐f:	 ﾠConfocal	 ﾠslices	 ﾠof	 ﾠcontrol	 ﾠMO	 ﾠ(a),	 ﾠplzfa	 ﾠMO	 ﾠ(b),	 ﾠplzfb	 ﾠMO	 ﾠ(c)	 ﾠand	 ﾠdouble	 ﾠ
morphant	 ﾠ(d)	 ﾠembryos	 ﾠat	 ﾠ44	 ﾠhpf	 ﾠshowing	 ﾠHuC/D.	 ﾠ	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠplzfa	 ﾠMO	 ﾠ
were	 ﾠallowed	 ﾠto	 ﾠdevelop	 ﾠfor	 ﾠa	 ﾠfurther	 ﾠ4	 ﾠhours	 ﾠ(e	 ﾠ&	 ﾠf)	 ﾠuntil	 ﾠthey	 ﾠreached	 ﾠthe	 ﾠsame	 ﾠ
stage	 ﾠas	 ﾠcontrol	 ﾠMO	 ﾠinjected	 ﾠembryos.	 ﾠ
g-ﾭ‐i:	 ﾠTime	 ﾠcourse	 ﾠof	 ﾠHuC/D	 ﾠexpression.	 ﾠ	 ﾠDorsal	 ﾠview	 ﾠconfocal	 ﾠslices	 ﾠof	 ﾠwild	 ﾠtype	 ﾠ
embryos	 ﾠat	 ﾠ30	 ﾠ(g),	 ﾠ40	 ﾠ(h)	 ﾠand	 ﾠ48	 ﾠ(i)	 ﾠhpf	 ﾠshowing	 ﾠstereotypical	 ﾠarrangement	 ﾠof	 ﾠHuC/D	 ﾠ
cells	 ﾠis	 ﾠmaintained	 ﾠthroughout	 ﾠthe	 ﾠstages	 ﾠshown.	 ﾠ	 ﾠEmbryos	 ﾠat	 ﾠthe	 ﾠindicated	 ﾠstages	 ﾠ
are	 ﾠshown	 ﾠin	 ﾠa	 ﾠsagittal	 ﾠview,	 ﾠstained	 ﾠfor	 ﾠHuC/D	 ﾠ(green),	 ﾠzfPlzfa	 ﾠ(red)	 ﾠand	 ﾠGFAP	 ﾠ(blue)	 ﾠ
(j-ﾭ‐l).	 ﾠ
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Figure	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Figure	 ﾠ8-ﾭ‐5:	 ﾠredd1	 ﾠand	 ﾠbtbd6a	 ﾠTALENs	 ﾠ
a:	 ﾠHRM	 ﾠanalysis	 ﾠfor	 ﾠembryos	 ﾠinjected	 ﾠwith	 ﾠredd1	 ﾠTALENs.	 ﾠ	 ﾠMelt	 ﾠprofiles	 ﾠof	 ﾠinjected	 ﾠ
embryos	 ﾠdiffer	 ﾠfrom	 ﾠthat	 ﾠof	 ﾠuninjected	 ﾠembryos,	 ﾠindicating	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠ
mutations	 ﾠat	 ﾠthe	 ﾠredd1	 ﾠlocus.	 ﾠ
b:	 ﾠInjected	 ﾠembryos	 ﾠdeveloped	 ﾠuntil	 ﾠadulthood	 ﾠwith	 ﾠno	 ﾠobvious	 ﾠmorphological	 ﾠ
defects.	 ﾠ	 ﾠThey	 ﾠwere	 ﾠthen	 ﾠoutcrossed	 ﾠto	 ﾠwild	 ﾠtype	 ﾠand	 ﾠthe	 ﾠembryos	 ﾠproduced	 ﾠwere	 ﾠ
analysed	 ﾠby	 ﾠHRM.	 ﾠ	 ﾠShown	 ﾠhere	 ﾠare	 ﾠ3	 ﾠdifferent	 ﾠgenotypes	 ﾠfrom	 ﾠthe	 ﾠsame	 ﾠfounder	 ﾠ
fish.	 ﾠ
c:	 ﾠEmbryos	 ﾠinjected	 ﾠwith	 ﾠbtbd6a	 ﾠTALENs	 ﾠshow	 ﾠevidence	 ﾠof	 ﾠindels	 ﾠat	 ﾠthe	 ﾠbtbd6a	 ﾠlocus	 ﾠ
when	 ﾠanalysed	 ﾠby	 ﾠHRM.	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Figure	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Figure	 ﾠ8-ﾭ‐6:	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠsequence	 ﾠ
a:	 ﾠMap	 ﾠof	 ﾠthe	 ﾠplzfa	 ﾠDonor	 ﾠPlasmid.	 ﾠ
b:	 ﾠSequence	 ﾠof	 ﾠthe	 ﾠinverted	 ﾠplzfa	 ﾠTALEN	 ﾠbinding	 ﾠsite	 ﾠand	 ﾠattP	 ﾠflanked	 ﾠP2A-ﾭ‐eGFP	 ﾠ
insertion	 ﾠcassette.	 ﾠ	 ﾠRestriction	 ﾠenzymes	 ﾠshown	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠreplace	 ﾠdifferent	 ﾠ
modules	 ﾠin	 ﾠthe	 ﾠplasmid.	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠChapter	 ﾠ8:	 ﾠAppendix	 ﾠ
	 ﾠ 264	 ﾠ
Figure	 ﾠ8-ﾭ‐6	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Figure	 ﾠ8-ﾭ‐7:	 ﾠInsertion	 ﾠat	 ﾠthe	 ﾠgolden	 ﾠlocus	 ﾠresults	 ﾠin	 ﾠimprecise	 ﾠligation	 ﾠ
a-ﾭ‐d:	 ﾠThe	 ﾠinverted	 ﾠTALEN	 ﾠtarget	 ﾠsequence	 ﾠin	 ﾠthe	 ﾠplzfa	 ﾠdonor	 ﾠplasmid	 ﾠwas	 ﾠreplaced	 ﾠ
with	 ﾠthe	 ﾠinverted	 ﾠsequences	 ﾠfor	 ﾠthe	 ﾠgolden	 ﾠTALEN	 ﾠpair	 ﾠ(a).	 ﾠ	 ﾠThe	 ﾠgolden	 ﾠdonor	 ﾠ
plasmid	 ﾠand	 ﾠgolden	 ﾠTALENs	 ﾠwere	 ﾠinjected	 ﾠinto	 ﾠzebrafish	 ﾠembryo	 ﾠand	 ﾠGFP	 ﾠexpression	 ﾠ
was	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠembryos	 ﾠ(data	 ﾠnot	 ﾠshown).	 ﾠ	 ﾠThe	 ﾠexpected	 ﾠligation	 ﾠproduct	 ﾠis	 ﾠ
shown	 ﾠ(b).	 ﾠ	 ﾠThe	 ﾠ5’	 ﾠintegration	 ﾠsite	 ﾠwas	 ﾠamplified	 ﾠusing	 ﾠthe	 ﾠprimers	 ﾠshown	 ﾠ(F3	 ﾠ&	 ﾠR1)	 ﾠ
and	 ﾠa	 ﾠband	 ﾠindicating	 ﾠintegration	 ﾠwas	 ﾠobserved	 ﾠin	 ﾠthe	 ﾠexpected	 ﾠembryos	 ﾠ(c).	 ﾠ	 ﾠThese	 ﾠ
bands	 ﾠwere	 ﾠexcised	 ﾠand	 ﾠsequenced,	 ﾠrevealing	 ﾠa	 ﾠrange	 ﾠof	 ﾠdifferent	 ﾠinsertions	 ﾠand	 ﾠ
deletions	 ﾠaround	 ﾠthe	 ﾠintegration	 ﾠsite	 ﾠ(d).	 ﾠ	 ﾠSome	 ﾠof	 ﾠthese	 ﾠresulted	 ﾠin	 ﾠeGFP	 ﾠbeing	 ﾠ
produced	 ﾠin-ﾭ‐frame	 ﾠas	 ﾠindicated.	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Figure	 ﾠ8-ﾭ‐7	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 ﾠ
Figure	 ﾠ8-ﾭ‐8:	 ﾠGAL4;	 ﾠUAS:tdTomato	 ﾠcassette	 ﾠand	 ﾠinternal	 ﾠreporter	 ﾠsequences	 ﾠ
a:	 ﾠSequence	 ﾠfor	 ﾠthe	 ﾠGAL4;	 ﾠUAS:tdTomato	 ﾠcassette.	 ﾠ	 ﾠtdTomato	 ﾠtranscription	 ﾠis	 ﾠunder	 ﾠ
control	 ﾠof	 ﾠ5	 ﾠGAL4	 ﾠbinding	 ﾠsites	 ﾠ(UAS).	 ﾠ
b:	 ﾠSequence	 ﾠfor	 ﾠthe	 ﾠalpha	 ﾠcrystalline:	 ﾠmRFP	 ﾠ(ACR)	 ﾠinternal	 ﾠreporter.	 ﾠ
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